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® Antlgenlcprotelnsandvacclnescontalnlngthemandprotecllveantlbodlesdlrectedtothemfo^ 
caused by Elmerla tenella and Elmerla necatrlx. 

@ A purified antigenic protein has been obtained which is 
capable of inducing in a chicken an immune response confer- 
ring protection against infection by Eimeria teneita or Eimeria 
necatnx. The protein has a molecular weight of about 26,000 
and is composed of two polypeptides joined by a disulfide 
bond. The two polypeptide subunits have molecular weights of 
about 1 7,000 and about 8,000, respectively. The gene encod- 
ing the protein has been sequenced and the amino acid se- 
quence of the protein deduced therefrom and by direct peptide 
sequencing. 

The protein and antigenic polypeptides having an amino 
acid sequence included within the protein may be incorporated 
into a vaccine for conferring upon a chicken active immunity 
against infection by E. tenella and E. necatnx. 

A hybridoma cell line (ATCC No. HBB561) has been de- 
veloped which produces a monoclonal antibody designated 
Ptn 7.2A4/4. This antibody may be used to confer upon a 
chicken specific passive protection against infection by E. 
tenella and E. necatrlx . The antibody may also be used to obtain 
thTpllrified protein antigen and the 11 ,500 and 6,500 dalton 
polypeptide fragments thereof. 

Finally, an antiidiotype antibody to the Ptn. 7.2A4/4 
monoclonal antibody may be prepared and used to confer upon 
a chicken active immunity against E. tenella and E. necatnx in- 
fection. 
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ANTIGENIC PROTEINS AND VACCINES CONTAINING THEM 
AND PROTECTIVE ANTIBODIES DIRECTED TO THEM 
FOR PREVENTION OF COCCIDIOSIS CAUSED BY 
EIMERIA TENELLA AND EIMERIA NECATRIX 

Background of the Invention 

This application is a continuation-in-part of U.S. Serial 
No. 617,483, filed June 5, 1984, the contents of which are 
hereby incorporated by reference into the present appli- 
cation. 

Throughout this application various publications are refer- 
enced by arabic numerals within parentheses. Full citations 
for these references may be found at the end of the spe- 
cification immediately preceding the claims. The dis- 
closures of these publications in their entireties are 
hereby incorporated by reference into this application in 
order to more fully describe the state of the art as known 
to those skilled therein as of the date of the invention 
described and claimed herein. 
« 

The phylum Apicomplexa includes hundreds of different orga- 
nisms belonging to the order Eucoccidiorida. The genus 
Bimeria is included within the order of true coccidian 
agents. Of the organisms belonging to this genus, several 
species are of recognized importance to the chicken in- 
dustry. These species include Eimeria tenella , E. maxima , 
E. acervulina, E. necatrix, E. brunetti ,. E. mivati , E. mitis 
and E. praecox . 

Differentiation of species is based on the site of infection 
within the host and oocyst morphology. To date, biochemical 
markers have not been used for speciation, although dif- 
ferences have been noted for each of the above species. 
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For Eimeria , the entire life cycle is completed within a 
single host. The actual stages of the life cycle vary in 
complexity depending upon the Eimeria species involved. E . 
tenella has a complex life cycle pattern. Upon being 
ingested in contaminated feces, food or water, sporulated 
oocysts excyst within the digestive tract as a result of the 
combined action of mechanical shearing and enzymatic hy- 
drolysis of the sporocyst cap. The liberated sporozoites 
traverse epithelial cells within specific regions of the 
cecum. Development begins within the Crypt of Lieberkuhn to 
the level of first generation meronts; the meront is a 
transitional stage consisting of rounded organisms with a 
more pronounced nucleus, plus increased energy generating 
and protein synthesizing capacity. Development of first- 
generation merozoites follows due to multiple fission of 
meronts. The release of first-generation merozoites de- 
stroys the host cell, and the parasites migrate to infect new 
host cells undergoing a second asexual cycle. Meronts 
develop to the level of second-generation merozoites de- 
stroying additional epithelial cells as they are released. 
Further destruction of host cells follows with the liber- 
ation of the third-generation merozoites. Second- and 
third-generation merozoites may infest still another popu- 
lation of host enterocytes to begin the sexual phase. Sexual 
development commences with the production of microgametes 
and macrogametes through the process of gametogenesis . 
Liberated microgametes fertilize macrogametes to form zy- 
gotes. Development of immature oocysts is followed by 
rupture of the host cell. Oocysts, released into the lumen 
of the gut, are passed through the feces to the environment 
and mature (sporulate) in the presence of atmospheric oxy- 
gen. 



The process of parasite development is self-limiting if the 
host ingests no additional oocysts. However, this proves to 
be an unrealistic expectation in crowded poultry houses. 
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Disease due to E. tenella results in severe losses because 
of pathologic manifestations. 

The pathology of coccidiosis due to E. tenella and some other 
species is in large part related to the rupture of host cells 
during the release of merozoites. Tissues are disrupted 
primarily within the gut lamina propria; in theory, in- 
gestion of a single oocyst can result in the destruction of 
up to 2.5 x 10 6 host cells within 120 hours (45). Bleeding 
within the gut is related to rupture of small capillaries 
servicing the epithelium. It is difficult to control the 
progress of disease using coccidiostats , once established. 
Secondary infection often complicates the disease caused by 
Eimeria. Death generally occurs within 4-7 days in infected 
birds . 

A consistent property of the coccidia is that the sporo- 
zoites initiate the infection process within very specific 
tissue sites (28, 33, 41). The site specif icity of infection 
is a characteristic commonly used for speciation of Eimeria . 
E. tenella shows a propensity for invasion of epithelial 
ceMs residing within the posterior portion of the cecum 
(cecal pouches). In part, such specificity for infection 
may depend upon the interaction of parasite surface deter- 
minants with the host cell type, or specific surface com- 
ponents (9, 11, 40). This contention is also supported by 
studies with genetically "resistant" birds, the cells of 
which are not invaded by Eimeria within the normal site of 
colonization. Work with other coccidia clearly demon- 
strates that the expression of requisite host determi- 
nant (s) is directed by the tissue origin of cells in addition 
to the host cell mitotic state (13) . 



35 



Much of the work on immunity to coccidiosis has been confined 
to humoral immunity, and more specifically to serum anti- 
body. The studies have shown a lack of correlation between 
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serum antibody and resistance to disease (43). However, 
most available data suggest that a local response with 
involvement of the secretory immune system or cell mediated 
immunity (CMI), or both, are involved in the protective 
response. 

Interference with recognition and/or attachment of patho- 
gens to host cells has a demonstrated protective effect as 
shown with viral, bacterial and protozoan agents. Genetic 
deletion of key host cell receptors or pathogen attachment 
features can prevent the initial colonization process (14, 
40). Alternatively, secretory antibodies can interfere 
with the colonization process by binding to, and conse- 
quently masking requisite host cell recognition deter- 
minants (22, 54). All immunoglobulin classes tested to date 
have been reported to have the capacity of interfering with 
the initial colonization process of Eimeria tenella &Q) . 
However, recent reports indicate that only production of 
secretory IgA has been correlated with natural protective 
immunity (9, 43). Porter and Davis &0) and others (43) 
reported that secretory IgA neutralizes the extracellular 
stages of the parasite by significantly limiting penetra- 
tion or so debilitating those organisms which did penetrate 
as to prevent subsequent development. 

It has been estimated that an amount approaching $0.5-1.0 
billion is spent annually by producers worldwide in an 
effort to curb the devastating effect of coccidiosis in 
chickens (28, 39). Even with control measures currently in 
use, poultry losses are substantial with estimates in the 
multi-million dollar range (45). 



Currently, the most widely used means of controlling Eimeria 
in chickens is through the application of antiprotozoal 
chemical feed additives. The specific composition varies 
35 with the coccidiostat used, and each product affects only 
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certain stages of the coccidian life cycle (28, 38, 42). 
Disadvantages of using coccidiostats are many, including 
short-term residual protection in birds, occasional dimin- 
ished performance, invocation of resistance to the drug in 
parasites, and to some extent, safety. Products currently 
remain on the market for only a few years because of the 
development of drug resistant strains. This adds con- 
siderable pressure on the cost of development and continued 
manufacture of efficacious products (38). 

Protection of birds by immunization has met with some 
success. Investigators have been able to invoke limited 
protection using preparations of killed organisms (1, 30 , 
31) . a more effective approach for immunization of chickens 
has been with the use of a live protozoal product — e.g. 
Coccivac® (13). The product, being a multivalent composi- 
tion containing low doses of viable oocysts, is administered 
in drinking water to invoke a mild parasitemia in birds. A 
drawback of this product has been occasional depressed 
performance of birds during the first weeks following ad- 
ministration. Variables such as excessive dosing or mois- 
ture content of bedding have even led to severe outbreaks 
of coccidiosis. See also, U.S. Patent No. 3,147,186 
(1964) which concerns the use of viable, sporulated oocysts 
of E. tenella to immunize chickens and U.S. Patent No. 
4,301,148 (1981) which concerns the use of sporozoites of E. 
tenella for the same purpose. 

An alternative means of introducing the live vaccine into 
broiler houses is by way of the feed. This has been con- 
sidered in a recent British patent (GB2,008,404A) . Prior to 
mixing with the feed, fully virulent oocysts of E. tenella 
are encapsulated in a water soluble polysaccharide to pro- 
tect against dessication. The oocysts are in sufficient 
amounts only to induce subclinical infection. Though the 
immunizing ability was found to be excellent, no development 
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of this method is foreseen due to questionable field accept- 
ability. However/ if attentuated strains of all the impor- 
tant coccidia could be developed, the procedure may be more 
acceptable. 

Efforts have indeed been made to develop Eimeria lines of 
reduced virulence. Some species have been successfully 
attenuated through chicken embryo passage (15, 26, 29, 48). 
These strains have diminished ability to cause disease, yet 
have retained sufficient immunogenicity to invoke immunity. 
Some problems do, however, remain with the handling. of these 
strains. As examples, the attenuated variants of E. 

necatrix have a critical passage limit whereby more or less 
embryo passage can result in loss of immunogenicity or 
maintenance of the original virulent form. Furthermore, 
some attenuated organisms revert to the virulent form upon, 
minimal back-passage through chickens (27, 50). Thus, 
problems associated with maintaining consistent properties 
in attenuated organisms are apparent. 

Attenuation by precocious selection has also been practiced 
when Eimeria strains cannot be readily passaged through 
embryonated eggs. In this process , shed oocysts are har- 
vested late in the prepatent period prior to the onset of 
heavy oocyst shedding (18, 35, 37, 49). Such selection 
results in cultures having abbreviated life cycles, and a 
corresponding diminution in virulence properties (18, 35, 
37, 49). Though the trait of precocity for E. tenella (19) 
and E. acervulina (36) has been demonstrated to be geneti- 
cally stable, not enough information is known about this 
method to assess its usefulness as a tool in the poultry 
industry. There is little information available about the 
surface antigen composition of avian coccidia. Hybridoma 
cell lines which secrete monoclonal antibodies directed to 
antigens on the surface of sporozoites of Eimeria tenella 
have been reported (58). The antigens were not identified, 
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other than that their molecular weights were between 13 and 
150 kilodaltons. Moreover, no biological significance or 
described efficacy in a vaccine was attributed to the 
antigens. Previous work in the laboratory of M.H . Wisher 
suggests the presence of approximately 16 polypeptides 
identified by surface iodination of excysted sporozoites of 
E. tenella and having molecular weights from 20,000 to 
greater than 200,000 (57). 

Subunit approaches to vaccine development have proven suc- 
cessful over the past few years. In such approaches, 
candidate protective antigens are identified and charac- 
terized for purpose of eventual preparation on a large 
scale. In studying parasite antigens, one research group 
used monoclonal antibodies to identify a potential pro- 
tective antigen on the surface of Babesia bovis (59) . a B. 
bovis antigen of 44,000 daltons has been identified, which 
when purified and injected into experimental animals af- 
forded some level of protection against primary challenge. 
An immunologically important 30,000 dalton protein of Toxo- 
plasma gondii has also been identified using monoclonal 
antibodies (21). 

Since mid-1981, Danforth and coworkers have published sev- 
eral papers in which they indicate the possibility of 
producing monoclonal antibodies toward antigens of avian 
Eimeria species (6, 7, 8 ) . Similarly, Speer, et al (51, 52) 
have demonstrated the development of hybridomas against E. 
tenella and some physiologic properties thereof. Antibody- 
secreting hybridomas were selected on the basis of an 
indirect fluorescent antibody test (7). The patterns of 
reaction, as observed with ultraviolet microscopy, have 
varied depending upon the monoclonal antibody used. Pat- 
terns have included exclusive reaction with sporozoites 
only vs reaction with sporozoites and merozoites; staining 
of the anterior portion of the sporozoite vs the entire 
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membrane; and staining of distinct internal organelles vs 



Although the preparation of murine-origin hybridomas pro- 
ducing monoclonal antibodies is known, there is nothing to 
suggest that the direct and specific selection of sporo- 
zoite-neutralizing hybridomas will identify virulence de- 
terminants of E . tenella useful in the development of a 
subunit vaccine. 

In fact, there is no prior teaching concerning identifica- 
tion of antigens of Eimeria useful for subunit vaccines. 
Similarly/ there has been no prior teaching of the formula- 
tion and use of products which include monoclonal antibodies 
to confer passive immunity against E. tenella . 

This invention concerns the identification, characteriza- 
tion, preparation and use of polypeptide antigens for de- 
velopment of immunity to coccidiosis by Eimeria tenella and 
Eimeria necatrix . The antigens are capable of being pre- 
cisely dispensed in terms of direct antigenic content and 
cannot cause disease thus avoiding vaccine strain-related 
outbreaks and reversions or changes in immunologic pro- 
perties. 

The invention also concerns the preparation, formulation 
and use of a monoclonal antibody product directed against 
the aforementioned protective protein antigen which can be 
used in the purification of the antigen, as well as to confer 
passive protection against coccidiosis due to E. tenella and 
E. necatrix in chickens. 



non-descript internal staining (8). 
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Summary of the Invention 

A purified antigenic protein , also referred to herein as the 
A4 protein or A4 antigen, has been obtained which is capable 
of inducing in a chicken an immune response conferring 
protection against infection by Eimeria tenella or Eimeria 
necatrix. The protein has a molecular weight of about 25,000 
and is composed of two polypeptides joined by a disulfide 
bond. One of the polypeptides is characterized by a molec- 
ular weight of about 17,000 and by a blocked N- terminal amino 
acid. The other of the polypeptides is characterized by a 
molecular weight of about 8,000. The amino acid sequences 
of both polypeptides are set forth in Figure 3. 

Polypeptides related to the A4 protein may be obtained which 
are characterized by the ability to induce in a chicken an 
immune response conferring protection against infection by 
E. tenella or E. necatrix . Two such polypeptides have been 
prepared having apparent molecular weights of about 11,500 
and 6,500, respectively, when determined by SDS-polyacryla- 
mide gel electrophoresis under reducing conditions. 

The 25,000 molecular weight, purified protein antigen may be 
prepared by separately recovering it from the sporocyst of 
Eimeria tenella . In one preferred embodiment recovery 
involves immunoadsorption chromatography or immunoprecipi- 
tation utilizing the highly specific monoclonal antibody 
Ptn 7.2A4/4 produced by hybridoma cell line ATCC No. HB8561. 
Alternatively, the protein may be prepared by recombinant 
DNA technology utilizing a DNA molecule encoding the pro- 
tein. The nucleotide sequence of such a DNA molecule is 
depicted in Figure 3. The 11,500 and 6,500 dalton poly- 
peptides may be similarly prepared. 
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Active immunity against infection by E. tenella and E. 
necatrix may be conferred upon a chicken by administering to 
the chicken an effective-immunizing amount of the 25,000 
dalton protein antigen or of an antigenic polypeptide of 
this invention, e.g. the 11,500 and 6,500 dalton poly- 
peptides. Preferably, the protein or polypeptide is in- 
corporated into a . vaccine with a suitable carrier and 
suitable doses of the vaccine administered to the chicken. 

The monoclonal antibody Ptn 7.2A4/4 or any other such 
antibody may be used to confer passive immunity against E. 
tenella and E. necatrix infection, preferably in admixture 
with a suitable carrier. In addition, anti-idiotype anti- 
body directed against the monoclonal antibody may be pro- 
duced and used to confer active immunity against infection 
by E. tenella and E. necatrix . Preferably, the anti- 
idiotype antibody is administered with a suitable carrier in 
the form of a vaccine. 
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Brief Description of the Figures 

Figure 1 displays the amino acid sequence of the 17,000 
dalton polypeptide component of the E. tenella A4 antigen 
determined by microsequencing. Figure 1 also shows the 
overlapping peptides produced by various chemical and en- 
zymatic digestions. 

Figure 2 shows the restriction enzyme maps of the E. tenella 
genomic clone encoding the A4 antigen. Figure 2 also shows 
the position and orientation of the gene for the A4 antigen 
within the 5500 bp E. tenella Eco RI DNA fragment. 

Figure 3 shows the DNA nucleotide sequence of the Bgl II-Eco 
RI DNA fragment of the genomic clone depicted in Figure 2. 
In addition, Figure 3 shows the amino acid sequence for the 
signal peptide and the 17,000 dalton and the 8,000 dalton 
polypeptide components of the A4 antigen. Figure 3 also 
shows the introns within the gene. 
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Detailed Description of the Invention 

This invention concerns a purified antigenic protein cap- 
able of inducing in a chicken an immune response conferring 
protection against infection by Eimeria tenella or Eimeria 
necatrix. The protein has a molecular weight of about 25,000 
and is composed of two polypeptides joined by a disulfide 
bond. One of the polypeptides is characterized by a molec- 
ular weight of about 17,000 and by a blocked N- terminal amino 
acid and has the amino acid sequence set forth in Figure 3. 
The other of the polypeptides ^.characterized by a molec- 
ular weight of about 8,000 and has the amino acid sequence 
set forth in Figure 3. 

The 25,000 dalton protein, also referred to herein as the A4 
protein or A4 antigen has been obtained from sporocysts of 
Eimeria tenella . Although the protein has been derived from 
E. tenella , it is contemplated that the protein may be 
prepared by other methods, e.g., recombinant DNA technology 
or total organic synthesis and accordingly the invention is 
not limited to protein prepared directly from E. tenella but 
encompasses the protein per se independent of its method of 
preparation. 

If the A4 antigen is radiolabeled by iodination of E. tenella 
sporocyst membrane preparations, the iodinated protein has 
an apparent molecular weight of 17,000 as determined by SDS- 
polyacrylamide gel electrophoresis (SDS-PAGE) (24) under 
reducing conditions and detected by autoradiography. Under 
such reducing conditions the 8,000 dalton polypeptide is 
separated from the 17,000 dalton polypeptide and is not 
detected by autoradiography. The isoelectric point of the A4 
protein is about 5.2 as determined by the method of Wrigley* 
(45). The N-terminal amino acid of the 17,000 dalton 
component of the protein is blocked. Before its complete 
amino acid sequence was known, the protein was initially 



0164176 



-13- 



characterized by raicrosequencing analysis and found to 
contain within it the amino acid sequences: 

I 5 10 
Ala Val Lys Leu . Thr Gly Asn Phe Ala Tyr 

II 15 20 
Tyr Pro Val Thr Asp Gly Lys Lys Glu Cys 

21 25 30 

Ser Asp Ala Val Glu Tyr Trp Lys Gly Gly 

31 35 
Leu Ser Gin Phe Asn 

and 

15 10 
Thr Leu Trp Lys Thr Glu lie Cys Pro Lys 

11 15 20 

Val Leu Gly Gly Gly Arg Ser Arg Asn Val 

21 

Thr Glu 



The presence of these amino acid sequences was confirmed by 
elucidation of the complete amino acid sequence (Figure 1, 
3). Blockage of the N-terminus of the protein is also 
supported by the complete amino acid sequence which in- 
dicates the presence of an N-terminal glutamine molecule. 
Such glutamine residues are known to cyclize to form pyr- 
rol idone car boxy lie acid. 



The A4 protein has an actual molecular weight of about 25 , 000 
based on its complete amino acid sequence, and has an 
apparent molecular weight of 21 , OdO-f^ , 000 .on SDS-PAGE 
under non-reducing conditions. After reduction with 6-mer- 
captoethanol two polypeptides are seen on SDS-PAGE (24), 
The A4 protein therefore consists of two polypeptides, a 
17,000 and an 8,000 dalton peptide which are bonded to one 
another by disulfide linkage. The complete amino acid 
sequence of the 17,000 dalton peptide and a partial amino 
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acid sequence of the 8,000 dalton peptide have been deter- 
mined by microsequencing analysis. The sequences so deter- 
mined are consistent with the separately determined se- 
quence of the chromosomal DNA which encodes the protein. 

This invention also contemplates antigenic polypeptides 
which include an amino acid sequence present within the A4 
protein and which are capable of inducing in a chicken an 
immune response conferring protection against infection by 
Eimeria tenella or Eimeria necatrix. Such polypeptides 
include all amino acid sequences which contain an antigenic 
determinant from the A4 protein and which are capable of 
inducing an immune response. 

Two preparations containing two such polypeptides have been 
prepared. These preparations are characterized by the 
presence within them of polypeptides with apparent molec- 
ular weights of about 11,500 and about 6,500 respectively, 
on SDS-polyacrylamide gel electrophoresis under reducing 
conditions. These preparations have been identified immun- 
ologically as derived from the A4 antigen. 

Antigenic polypeptides which include an amino acid sequence 
present in the A4 protein may be produced by various methods, 
e.g. , may be chemically or enzymatically synthesized, may be 
produced by recombinant DNA methods, may be prepared from 
the A4 antigen or may be prepared from the sporocyst or 
sporozoite of E. tenella . It should be understood that 
"antigenic polypeptide" as the term is used herein includes 
preparations prepared under non-reducing conditions as de- 
scribed herein , characterized by the presence within the 
preparation of a polypeptide having a defined apparent 
molecular weight on SDS-PAGE under reducing conditions. 
When present in such preparation, the polypeptide may be 
bound to another component or components, e.g. to another 
polypeptide by one or more disulfide bonds or two or more 
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regions within the polypeptide may be bound to one another, 
e.g. by a disulfide bond. For those preparations char- 
acterized by the presence within them of polypeptides with 
apparent molecular weights of 17,000 or less on SDS-PAGE 
under reducing conditions the term "fragment" is also used 
to describe such preparations on the assumption that the 
preparations include amino acid sequences contained within 
the complete A4 protein, but not the intact protein. In 
addition the term "fragment" is used to describe amino acid 
sequences derived from the A4 protein by proteolytic di- 
gestion. 

The antigens of this invention in addition to an amino acid 
sequence included within the amino acid sequence of the A4 
protein may contain one or more other substances such as 
polysaccharides, e.g. dextran, or other amino acid 
sequences, i.e. amino acid sequences not included within the 
amino acid sequence set forth in Figure 3. 

This invention also concerns a method for preparing the A4 
protein. This method involves contacting sporocysts of E. 
tefeella with a detergent under suitable non-reducing con- 
ditions in the presence of protease inhibitors so as to 
solubilize the sporocyst membrane proteins. The protein is 
then separately recovered from the solubilized sporocyst 
membrane proteins using methods for separating and puri- 
fying proteins. Such methods are known to those of ordinary 
skill in the art to which this invention pertains and include 
by way of example, partial purification of the solubilized, 
sporocyst membranes by ion exchange chromatography, e.g. on 
DEAE-cellulose, and hydroxyapatite HPLC. 

Alternatively, the A4 protein is separately recovered from 
an extract of E . tenella sporocyst membrane proteins by 
immunoprecipitation or immunoadsorption chromatography 



• 
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utilizing a monoclonal antibody directed against the A4 
protein such as the monoclonal antibody designated Ptn 
7.2A4/4, which antibody is produced by a mouse hybridoma 
cell line deposited with the American Type Culture Col- 
lection in Rockville, Maryland, U.S.A. 20852 under ATCC No. 
HB8561. This deposit was made pursuant to the provisions of 
the Budapest Trejaty on the International Recognition of the 
Deposit of Microorganisms. 

The 17,000 dalton polypeptide of the A4 protein may be 
prepared by the same method used in preparing the A4 protein. 
The 17,000 dalton polypeptide is then separately recovered, 
e.g. by effecting partial purification with ion-exchange 
chromatography, e.g. with DEAE-cellulose, followed by pre- 
parative SDS-electrophoresis under reducing conditions. 



The 11,500 dalton antigenic polypeptide may be prepared by 
contacting sporocysts of E. tenella with phenol in the 
presence of a mild reducing agent, e.g. 8-hydroxyquinoline , 
so *as to extract the sporocyst membrane proteins. The 
polypeptide is then recovered from the extracted sporocyst 
membrane proteins by immunoprecipitation or immunoaf f ini ty 
chromatography with an appropriate antibody such as the Ptn 
7.2A4/4 monoclonal antibody. The* 6,500 dalton antigenic 
polypeptide may be prepared by contacting membranes of 
trypsin-taurodeoxycholate excysted sporozoites ( 9") with 
detergent so as to solubilize the proteins. The polypeptide 
is then recovered from the solubilized, excysted proteins by 
immunoprecipitation or immunoadsorption chromatography, 
again, with an appropriate antibody such as the monoclonal 
antibody Ptn 7.2A4/4. 



35 



A method involving recombinant DNA technology is also pro- 
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vided for preparing the 25,000 dalton A4 protein, the 17,000 
dalton polypeptide thereof or the various antigenic poly- 
peptides of this invention. The method involves preparing 
a DNA molecule coding for the A4 protein or polypeptide and 
inserting the DNA molecule into an appropriate expression 
vector, e.g. a vector containing the AP^ or lac promoter. 
The resulting expression vector is then introduced into a 
suitable host, e.g. E. coli , under appropriate conditions 
permitting expression of the DNA and production of the 
protein or polypeptide, which is then recovered. 

Messenger RNA may be isolated from sporocysts at many points 
during the sporulation process. These mRNA samples may then 
be translated using _in vitro (32) or i_n vivo systems. The 
translation products may then be immunoprecipi tated using 
the monoclonal antibody (Ptn 7.2A4/4) or anti-sporozoi te 
chicken serum. The mRNA preparation encoding the A4 antigen 
may then be used to produce double-stranded cDNA (32) . This 
cDNA may then be inserted into an appropriate cloning vector 
which may then be used to transform E. coli to generate a 
cDNA library. This cDNA library may then be screened by 
colony hybridization techniques using isotopically- 
labelled oligonucleotide probes whose construction is 
based upon amino acid sequence information from the 17 , 000 
dalton polypeptide component of the A4 antigen. Vector DNA 
from bacterial colonies containing nucleotide sequences for 
the 17,000 dalton polypeptide may then be isolated and the 
inserted coccidial DNA sequenced (34, 44). 
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Alternatively, genomic DNA from E. tenella has been isolated 
and cleaved with a restriction endonuclease such as EcoRI. 
The restriction fragments were ligated into an appropriate 
cloning vector such as X gt wes X B generating a genomic 
library. The genomic library was then be screened by plaque 
hybridization as was described for the cDNA library. A 
genomic clone encoding the A4 antigen has been isolated and 
the DNA sequence has shown the two peptides of the A4 antigen 
to be encoded by a contiguous nucleotide sequence (Figure 
3). Hence the 17,000 and 8,000 dalton peptides are derived 
from proteolytic processing of a single 25,000 dalton pep- 
tide. In addition the DNA sequence encodes a "signal" 
sequence typically found at the amino terminus of many 
secretory or membrane proteins. 

This invention also encompasses a method for conferring upon 
a chicken active immunity against infection by Eimeria 
tenella or Eimeria necatrix which comprises administering 
to a chicken an effective immunizing amount of the A4 
antigen, an antigenic polypeptide or other antigen of this 
invention, including but not limited to the 11,500 dalton or 
the 6,500 dalton polypeptides. By this method active 
immunity may be conferred upon a non-immune chicken. In 
addition, administration of these materials may be used to 
increase a relatively low level of immunity in a chicken 
previously exposed to E. tenella or E. necatrix and may be 
used in booster vaccinations. 

The A4. antigen or any of the antigenic polypeptides of this 
invention may be administered to chickens by any of a number 
of well known methods. Desirably, the administration may 
involve subcutaneous or intramuscular injection at the back 
of the neck. The amount of antigen comprising an effective 
immunizing amount may be any amount from about 0.1 microgram 
to about 1 mg. The amount of antigen is desirably above 
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about 10 micrograms. The preferred amount of antigen is 
about 500 micrograms per kilogram of body weight . Alter- 
natively, the administration may be oral (e.g., via capsule) 
or desirably by injection (e.g., subcutaneous, intradermal, 
or preferably intramuscular injection) . If the mode of 
administration involves injection, any pharmaceutical^ 
acceptable carrier may be employed. Suitable carriers 
include 0.01 to 0.1M, preferably 0.05M, phosphate buffer or 
0.8 percent saline. 

A vaccine for conferring upon a chicken active immunity 
against infection by Eimeria tenella or Eimeria necatrix is 
provided which comprises an effective immunizing amount of 
an antigenic material of this invention, i.e. the A4 an- 
tigen, antigenic polypeptide or other antigen of this in- 
vention, and a suitable carrier. Preferably the effective 
immunizing amount of the antigenic material in the vaccine 
is above about 0.1 microgram/kg of body weight of the 
chicken . 

In addition, the carrier desirably also contains a pre- 
servative. One particularly suitable preservative is thim- 
erosal (sodium ethylmercurithiosalicylate ) which has activ- 
ity as both a bacteriostat and a fungistat. Desirably 
thimerosal is present in the vaccine in a final concen- 
tration of 10~ 4 percent. 

Furthermore, the carrier desirably also contains an im- 
munopotentiator . Various immunopotentiators known in the 
art may be used. The adjuvant presently employed is 94% 
Drakeol 6-VR, 5% Arlacel A, 1% Tween-80. Arlacel A is a 
mannide monoleate (Sandria Corp.). It is an irritant which 
has strong immunopotentiating activity when combined with 
antigens. Drakeol 6-VR is a hypoallergenic light mineral 
oil product (Penreco Corp.). Tween-80 is a monoleate 
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derivative of poiyoxyethylsorbitan and possesses detergent 
properties. Other suitable carriers or immunopotentiators 
include aluminum potassium sulfate, aluminum hydroxide, 
lymphokines and water in bil emulsions. 

By administering a suitable dose of such a vaccine to a 
chicken, the chicken is protected against infection by E. 
tenella or E. necatrix . The amount of antigenic material per 
dose should be sufficient to induce production of antibodies 
to the antigenic material in an animal to which the vaccine 
is administered. To provide a sufficient degree . of immu- 
nological response as measured by antibody production and 
protection, the amount of the antigenic material per dose is 
desirably above about 20.0 micrograms/kg of body weight of 
the vaccinated animal. Thus, the amount of antigenic 
material based upon a 50 gram day-old chick would be above 
about 1.0 microgram. Presently preferred is a vaccine 
containing 10 micrograms of antigenic material. In general, 
the antigen will comprise on a weight basis from about 0.002 
percent up to about 0.2 percent of the vaccine and the dose 
volume will be about 0.1 ml. 

Other embodiments of this invention include a monoclonal 
antibody directed against the A4 protein and a monoclonal 
antibody directed against an antigenic polypeptide of this 
invention. A specific embodiment is the previously men- 
tioned monoclonal antibody designated Ptn 7.2A4/4 produced 
by hybridoma cell line ATCC No. HB8561. 

One can confer upon a chicken passive immunity against 
infection by E. tenella or E. necatrix by administering to 
a chicken an effective protecting amount of a monoclonal 
antibody directed against the A4 antigen or antigenic frag- 
ment thereof, e.g. the monoclonal antibody Ptn 7.2A4/4. A 
composition useful to this end comprises an effective pro- 
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tecting amount of an appropriate monoclonal antibody, e.g. 
monoclonal antibody Ptn 7.2A4/4, and a suitable carrier. 
Said composition may consist of a sufficient dose of the 
monoclonal antibody so as to protect against infection when 
administered via the oral route. A typical dose of antibody 
can be about 100 micrograms of antibody per bird per day 
administered in either aqueous or lyophilized form. Pre- 
ferably, the composition is used in aqueous form as an 
addition to the water supply. The antibody is dissolved in 
0.15M phosphate buffered saline, pH 7, containing 0.0001 
percent thimerosal to a final protein content of 1-100 
mg/ml. The product is continuously dispensed within the 
water so as to maintain the desired antibody level. Ad- 
ministering to a chicken a suitable dose of such a com- 
position is thus a method for conferring passive immunity 
against infection by E. tenella or E. necatrix. 

In a further embodiment a composite structure having spatial 
features common with those of the principal protective 
structures of the A4 antigen is substituted for the pre- 
viously described antigens. One such composition includes 
arr anti-idiotypic antibody developed against the structures 
of an antibody to the A4 protein or to one of the antigenic 
polypeptides of this invention, e.g. the monoclonal anti- 
body Ptn 7.2A4/4, which structures confer specificity to- 
ward the respective antigen determinant. Such antiidio- 
type antibodies can in themselves be monoclonal in nature, 
or can be raised as polyclonal antibodies. In the former 
example, the antibody Ptn 7.2A4/4 can be recovered from 
hybridoma cell line ATCC No. HB8561, purified and covalently 
attached to any suitable carrier protein, e.g. the key-hole 
limpet hemocyanin ( KLH ) . The purified antibody, preferably 
the purified antibody-KLH complex, is repeatedly injected, 
preferably with an adjuvant such as Freund's complete ad- 
juvant , into a suitable mammalian lymphocyte donor with 
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Balb/C strain mice as the preferred donor. Hybridomas are 
developed from lymphocytes of the immunized mice. The 
hybridomas are screened for antibodies which compete with 
the A4 antigen for reaction with the monoclonal antibody Ptn 
7.2A4/4, but recognize neither the A4 antigen nor murine 
immunoglobulin other than Ptn 7.2A4/4. Such hybridomas 
secreting anti-idiotype antibodies toward monoclonal anti- 
body Ptn 7.2A4/4 are further expanded and cloned. Pro- 
duction of anti-idiotype antibody can be performed by cul- 
tures of cells in any medium suitable for growth of hybri- 
domas and expression of monoclonal antibodies , or growth 
of antibody producing hybridomas in host animals, with 
Balb/C mice as the preferred vehicle. 

Anti-idiotype antibody can also be produced by injection of 
Ptn 7.2A4/4 into animals. One preferred method is to 
repeatedly inject 500 micrograms of Ptn 7.2A4/4, purified 
and formulated in a suitable adjuvant , e.g. Complete Freunds 
Adjuvant, into a suitable animal, e.g. a rabbit. After 
sufficient injections, blood serum is removed after a suit- 
able period of time from such animals. The anti-idiotypic 
an'tibodies are then recovered from the blood serum, e.g. by 
adsorption against normal mouse serum proteins immobilized 
on an insoluble support such as Sepharose 0 . Specificity of 
the resulting antiserum is confirmed by demonstrating re- 
activity with monoclonal antibody Ptn 7.2A4/4 but none 
against normal murine -y3(K). 

The anti-idiotype antibodies prepared as above are further 
purified to the level of IgG fractions. Purified anti- 
idiotype antibody protein may be administered by any of a 
number of well-known methods as described for the antigen 
proper . 
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Administering an effective amount of the anti-idiotypic 
antibody of this invention to a chicken provides a method of 
conferring upon the chicken active immunity against in- 
fection by Eimeria tenella or Eimeria necatrix . A vaccine 
for this purpose comprises an effective immunizing amount of 
the anti-idiotypic antibody and a suitable carrier. Thus, 
administering a suitable dose of such a vaccine to a chicken 
provides a method for protecting the chicken against in- 
fection by Eimeria tenella or Eimeria necatrix . 

The amount of anti-idiotype antibody per dose must be 
sufficient to invoke production of an antibody in an animal 
to whom the vaccine is administered. For induction of an 
immunological response as measured by antibody production, 
the amount of anti-idiotype antibody per dose is above 
50 yg/Kg body weight of the vaccinated birds. Thus, the 
amount of anti-idiotype antibody administered to a 50g day- 
old chick would be 2.5yg. Presently preferred is a vaccine 
containing 25 jig of anti-idiotype antibody. In general, the 
anti-idiotype antibody will comprise on a weight ba'sis from 
0.002 percent to up to 0 . 2 percent of the vaccine, and the 
dose volume will be 0.2 cc. 

Another aspect of the invention is a nucleic acid molecule, 
e.g. DNA, cDNA, RNA or mRNA, encoding the A4 protein. One 
embodiment is a DNA molecule having the nucleic acid se- 
quence set forth in Figure 3. Another embodiment is a DNA 
molecule encoding one of the antigenic polypeptides of this 
invention . 

A further embodiment is a cloning vehicle which comprises a 
nucleic acid molecule of this invention, e.g. encoding the 
A4 protein or one of the previously described antigenic 
polypeptides. The cloning vehicle may be contained in a host 
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cellr e.g. a bacterial host cell. 

The protein having the amino acid sequence set forth in 
Figure 3 may be produced using host cells containing a 
5 cloning vehicle which contains the nucleic acid molecule 
encoding the A4 protein. In accordance with this method, the 
host cells are grown under suitable conditions permitting 
production of the protein, and the protein so produced is 
recovered. The antigenic polypeptides of this invention may 
1° be similarly prepared using an appropriate nucleic acid 
molecule encoding the polypeptide. 

When the host cell is a bacterial cell, the A4 protein 
produced has the same or essentially the same sequence as the 
15 natural A4 protein but may differ in its amino acid sequence 
or at its amino terminus because of expression in the 
bacterial host, e.g. by addition of an N- terminal methionine 
molecule or by virtue of being produced and recovered as a 
single, unprocessed protein. 

20 

A further embodiment concerns a method for obtaining the DNA 
ntolecule having the nucleic acid sequence set forth in 
Figure 3. The method involves isolating genomic DNA from 
Eimeria tenella oocysts and preparing DNA fragments from the 

25 genomic DNA so isolated, e.g. with a restriction enzyme. The 
DNA fragments are ligated into an appropriate cloning vec- 
tor. Appropriate clones are identified by subjecting their 
DNA to hybridization with oligonucleotides containing, or 
complementary to, nucleic acid sequences present within the 

30 nucleic acid sequence set forth in Figure 3. DNA which 
encodes the protein and has the nucleic acid sequence set 
forth in Figure 3 is isolated from the appropriate clones. 



35 



0164176 

-25- 



EXAMPLE 1 

PREPARATION OF EIMERIA TENELLA OOCYSTS , 
SPOROCYSTS AND SPOROZOITES 



Coccidia. The purified field isolate of Eimeria tenella was 
originally purchased from Dr. Allen Edgar of the University 
of Auburn. The purity of this E. tenella isolate was 
confirmed using oocyst characteristics and histology of 
infected intestinal tissue. Oocyst size and shape index 
were within the range of E. tenella . 

Lesions were' scored by the method of Johnson and Reid (20) . 
The lesions in infected birds were typical of E . tenella . The 
pathology was limited to the ceca and consisted of severe 
hemorrhage and tissue damage. At 5 days post-infection 
histological examination revealed larger second generation 
schizonts in the subepi thelium of the ceca. Mortality was 
common with severe infections (15,000 oocysts). Single 
oocyst cloning was periodically done to insure purity of the 
E. tenella isolate. 

Propagation of Oocysts . Pure cultures of this isolate were 
routinely passaged in 4- to 6-week old SPF white leghorn 
chickens. To avoid extraneous coccidial infections , 
chickens were reared from 1 day of age in plexiglass iso- 
lation units. Oocysts were harvested on day 7 post- 
infection from the ceca using a trypsin-digest method des- 
cribed by Shirley (48). Sporulated oocysts were typically 
stored at 24°C in 2%.w/v K2Cr20 7 . 

Isolation of Sporocysts . Sporulated Eimeria tenella 
oocysts, (1x10 s ) which had been partially purified from 
debris by salt floatation , were washed five times in 0.1M 
phosphate buffered saline, pH 7.4, (PBS) to remove the 
potassium dichromate preservative. These oocysts were 
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further cleaned by agitation in a 1.05% sodium hypochlorite 
solution for 15 minutes followed by five washes in PBS to 
remove residual sodium hypochlorite and debris. Following 
the final wash, the cleaned oocysts were resuspended in 10 
ml of PBS * Suspended oocysts were then mechanically broken 
by shaking with an equal volume of glass beads (1.0-1. 05mm) . 
The liberated sporocysts were purified from the oocyst walls 
and from unbroken oocysts by passage over a glass wool 
column, centrifuged at 10,000 RPM for ten minutes at 4°C and 
resuspended in 10 ml of PBS. 

Preparation of Sporozoites . Recently sporulated oocysts 
were cleaned by salt floatation, repeated washing and 
treatment with 1.05% sodium hypochlorite solution. Sporo- 
cysts were freed by mechanically breaking oocysts with glass 
beads ( 1 . 0-1 . 05mm) . To excyst sporozoites, sporocysts were 
incubated with trypsin and taurodeoxycholic acid (0.25 and 
0.50% w/v, respectively) for a period of 1 hour at 41°C. 
Sporozoites thus obtained were rinsed free of excysting 
fluid by centrif ugation and resuspended in Hank's medium. 
Fresh Hank's medium was used to dilute sporozoites to the 
working concentration. 
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EXAMPLE 2 



GENERATION, IDENTIFICATION AND 
CHARACTERIZATION OF HYBRIDOMAS 



5 



Monoclonal Antibody , 

Monoclonal antibodies were derived from hybridomas devel- 
oped using the method of VanDeusen and Whetstone (55). 
Briefly, Balb/C ByJ mice were repeatedly immunized with 10 6 - 
10 7 intact E. tenella sporozoites. Three days after a final 
intravenous injection with intact sporozoites, a randomly 
selected mouse was sacrificed and splenectomized. The 
splenocytes were separated from fibrous tissue in the organ, 
and the washed cells fused with the murine plasmacytoma 
cell line SP2/OM. 



Microneutralization Assay . 

The microneutralization assay was performed with primary 
chick kidney cell cultures, 1- to 2-week-old chicks were 
sacrificed and aseptically nephrectomized . The kidneys 
were trypsinized, and cells plated into 96 well cultures at 
a density of approximately 10 4 /well in Earle's LAH medium 
supplemented with 5% heat-inactivated fetal calf serum. 
Cultures were maintained at 41°C in a 5% CO2 atmosphere. 
When cell cultures reached a level of approximately 50% 
confluency, 50 yl of hybridoma test or control sample were 
added to all wells of the plate. Next, 2.3 x 10 4 sporozoites 
in 50 Ml of Earle's culture medium were added to all wells 
of the plate. Twelve to sixteen hours later, the culture 
supernatant was replaced with fresh Earle's LAH containing 
2% heat inactivated fetal calf serum.. The cultures were 
terminated at 40-44 hours post infection. Culture super- 
natant was emptied from the plates at that time. Subse- 
quently, cells were fixed to the plates by the addition of 
methanol acidified with 5% glacial acetic acid. The fixed 
cultures were stained with 0.1% toluidine blue before exam- 
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ination. Wells were scored as to the approximate percentage 
level of inhibition of schizogony. 

Indirect Fluorescent Antibody Screening 

IFA slides were prepared with sporozoites of E . tenella 
(about lxl0 6 /well). Slides were air dried overnight before 
10 Ml of 1% BSA was added to each well. Five minutes after 
adding BSA, 20 yl of test supernatant was added. Super- 
natants were incubated at 37°C for 20 minutes, followed by 
three rinses with 0.15M PBS with 0.0005% Tween-20 (PBS- 
Tween) . Fluorescent conjugated rabbit anti-mouse antibody 
(diluted 1:40 in PBS) was added to the samples and allowed 
to incubate at 37°C for 20 minutes. The conjugate was rinsed 
off three times with PBS-Tween before adding mounting medium 
and cover slip. 

Results . 

Of the several thousand hybridomas developed against 
Eimeria tenella , 24 were found to produce neutralizing 
antibodies toward the sporozoite stage of the parasite. All 
of the hybridomas studied produced antibodies that recog- 
nized membrane bound antigens, although only the antibody 
produced by one hybridoma recognized an internal membrane 
antigen. The other monoclonal antibodies examined recog- 
nized antigens associated with the plasmalemma. 

In vitro neutralizing potency was compared for several 
supernatants after the initial cloning of the respective 
cell lines. Supernatants from two lines demonstrated the 
greatest relative propensity for neutralizing sporozoites 
of E. tenella . When antibody content was assessed for each 
of supernatants tested, it was determined that twenty-fold 
less of one antibody (designated Ptn 7.2A4) was required to 
neutralize sporozoites than the second most effective neu- 
tralizing antibody. Specifically, the amount of Ptn 7 . 2A4 
antibody required to neutralize E. tenella is approximately 
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EXAMPLE 3 

IDENTIFICATION OF THE ANTIGENS OF E. TENELLA RECOGNIZED 
BY BOTH NEUTRALIZING MONOCLONAL ANTIBODY A4 AND 
E. TENELLA SPOROZOITE-SPECIFIC CHICKEN ANTI-SERUM 

125 I labeling of Eimeria proteins . 

A total of 2xl0 8 oocysts from E. tenella were processed for 
iodination. In each case, sporocysts were purified from 
salt floated, sodium hypochlorite treated oocysts that were 
broken with glass beads then passed through a glass wool 
column. Sporocyst membranes were prepared from one-half of 
the sporocysts by mechanical breakage in 1 ml 10 mM sodium 
phosphate, 0.15M NaCl, pH 7.2 (PBS) with glass beads in the 
presence of protease inhibitors: O.lmM Phenylmethylsulf ony 1 
fluoride (PMSF), 0.1 mM N-tosyl-L-phenylalanine chloro- 
methyl ketone (TPCK), 1 mM N- a-p-Tosyl-L-Lysine chloro- 
methyl ketone (TLCK) and 10 KlU/ml aprotinin. The remaining 
sporocysts were treated with trypsin and taurodeoxycholic 
acid (total volume = 1 ml ) to excyst sporozoites. Both 
preparations were pelleted at 45,000 RPM for 45 minutes at 
4°C and resuspended in 1 ml of phosphate buffered saline (pH 
7.4) (PBS). Care was taken to remove all trypsin - de- 
oxycholate residue from the sporozoites by washing with PBS 
and 1 mM PMSF prior to ultra-centr ifugation . 

The one ml samples were put into glass scintillation vials 
which had been coated with 40 yg of IODOGEN (1,3,4,6 - 
tetrachloro-3 a, 6 a-diphenylglycouril ) solid phase iodina- 
tion reagent, dried under nitrogen gas and rinsed with PBS. 
To each tube, 0.5 mCi of 125 I was added and the samples 
allowed to incubate for 20 minutes on ice. Afterward, 100 yl 
of KI (1 M) was added to each tube to a final concentration 
of 100 mM, and the reaction was allowed to proceed for an 
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additional 15 minutes on ice. Sporozoite and sporocyst 
preparations were then diluted to 7 ml with PBS containing 
5 mM KI and pelleted at 45,000 RPM for 45 minutes at 4°C. 

Extraction of Sporocyst and Sporozoite Membrane Proteins , 
125j labeled sporocyst and sporozoite pellets from the above 
high speed centrif ugation were resuspended in 1 ml of 
protein extraction buffer (20 mM Tris-HCl, pH 7.5; 50 mM 
MgCl 2 ; 25 mM NaCl, 1% NP40, 1 mM PMSF, 0.1 mM TPCK, 1 mM TLCK 
and 10 KlU/ml aprotinin) . The suspensions were incubated 
for 30 minutes on ice with occasional vortexing. Insoluble 
material was separated from the detergent solubilized pro- 
tein in a microfuge for 15 minutes at 4°C. The supernatants 
were stored overnight at -70°C. 

TCA Precipitation of 125j Proteins . 

Ten microliters of each sample were diluted into 90 ul of 5 
mM KI. Ten microliters of each diluted sample was then added 
to a solution containing 1 ml of 5% trichloroacetic acid 
(TCA), 25 yl BSA (10 mg/ml ) and 5 mM KI and incubated on ice 
for 30 minutes. The precipitated samples were collected by 
filtration through glass fiber filters, washed twice with 5 
ml of 5% TCA, 5 mM KI and three times with 5 ml of 95% ethanol, 
both at 0°C/ and counted in a scintillation counter. 

SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE) of 
Total 125j labeled E. tenella Fractions . 

Total 125 I labeled sporocyst, sporozoite and soluble mem- 
brane proteins and immunoprecipitated proteins (see below) 
were analyzed on 120x100x0.75 mm, 5-25% exponential gra- 
dient SDS-polyacrylamide gels at 20 mA for 3 hours. The gels 
were dried and used to expose x-ray film at -70°C. 
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Gels used for staining purposes were visualized by silver 
staining . 
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Immunoprecipitations With Monoclonal Antibody , 
Fifty microliters of hybridoma supernatant containing mono- 
clonal antibody were added to 25 pi of monoclonal antibody 
dilution buffer (MAB-DIL) (50 mM Tris-HCl, pH 8.6; 150 mM 
NaCl; 0.1% NP40; 0.1% BSA, RIA grade; 1 mM TLCK; 1 mM PMSF, 
10 KlU/ml aprotinin). Twenty microliters of 125 I labeled 
protein was then added and the tube was vigorously mixed and 
then incubated overnight at 4°C. Rabbit anti-mouse Ig serum 
(IgA, IgG, IgM reactive) was diluted 1:2 in MAB-DIL and 10 yl 
added to each immunoprecipitation tube and incubated 1 hour 
at 4°C. Protein A-Sepharose (10% v/v) was diluted 1:4 in 
monoclonal antibody wash buffer, pH 8.6 (MABW) (50 mM 
Tris.HCl, 0.05% NP40, 0.05% Triton X-100, 150 mM NaCl f 0.02% 
NaN3, 5 mMKI) and 400 yl added to each tube. The tubes were 
incubated for one hour at 4°C with gentle rocking. The 
immunoprecipitation products were washed twice with cold 
MABW followed by two room temperature washes with MABW . The 
pellet was resuspended in 50 yl of 1.5X SDS-PAGE sample 
buffer (24) boiled for 5 minutes and microfuged to remove the 
sepharose sorbant. Supernatants were counted as to total 
radioactivity and analyzed by SDS-PAGE. 

Immunoprecipitation With E. tenella Sporozoite Specific 
Chicken Anti-serum . 

The same procedure was used as described in the section 
concerning immunoprecipitation with monoclonal antibodies 
with a few exceptions. Sera were diluted 1:10 in 90 yl of 
antibody dilution buffer (AB-DIL) (10 mM Tris-HCl , pH 7.5; 
0.1% BSA RIA grade; 1 mM PMSF; 1 mM TLCK; 10 KlU/ml apro- 
tinin) prior to the addition of 20 y 1 of 125 I labeled 
protein. The antibody wash buffer (ABW) consists of 10 mM 
Tris-HCl , pH 7.5, 0.1% BSA RIA grade; 1 mM PMSF; 1 mM TLCK, 
10 KlU/ml aprotinin; 0.05% NP40; 0.05% Triton X-100, + 5 mM 
KI. 
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Results of Immunoprecipitation of E. tenelia Antigens with 
Ptn 7.2A4/4 Monoclonal Antibody . 

The surface-labeled E. tenelia sporozoite preparation is 
enriched for two major, iodinated polypeptides, one at 6,500 
daltons and one at 25,000 daltons. The 6,500 dal ton peptide 
has previously been determined to be a protease digestion 
fragment of the 17,000 molecular weight polypeptide found in 
the sporocyst preparation and is readily and specifically 
immunoprecipitated with monoclonal antibody Ptn 7.2A4/4. 
Membranes from sporocysts are enriched for two major iodin- 
ated polypeptides of 17,000 and 27,000 daltons although 
several other minor proteins of various molecular weights 
are also present. Upon immunoprecipitation of 125 I-labeled 
sporocyst membrane protein, the only antigen recognized by 
the monoclonal antibody Ptn 7.2A4/4 is the 17,000 molecular 
weight polypeptide whose amino acid sequence is described in 
Example 5 . 

Results of Immunoprecipitation of E. tenelia Antigens With 
E. tenelia Sporozoite Specific Chicken Anti-sera . 
Sera from chickens immunized by repeated intravenous in- 
jections of killed E. tenelia sporozoites were used to 
immunoprecipitate E . tenelia proteins in order to determine 
if they recognize the 17,000 dalton polypeptide as does 
monoclonal antibody from hybridoma cell line HB8561. 

From the iodinated sporocyst and sporozoite membrane pre- 
parations, the 17,000 and 6,500 dalton polypeptides, re- 
spectively, are specifically immunoprecipitated by anti- 
sera from chickens immunized as described above. Sera from 
specific pathogen-free control chickens do not appear to 
recognize any E. tenelia proteins. 
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Results of Western Blots of E. tenella Antigens with Ptn 
7.2A4/4 Monoclonal Antibody . 

Under the conditions in which the immunoprecipi tated, io- 
dinated polypeptides were analyzed on SDS-PAGE as described 
above, polypeptides linked by disulfide bonds have been 
separated. However, reduction of disulfide bonds destroys 
A4 reactivity on Western blots in both sporocyst and sporo- 
zoite membrane preparations. When iodinated sporocyst and 
sporozoite membrane preparations were run on SDS-PAGE under 
non-reducing conditions the major radiolabeled species mi- 
grates with an apparent molecular weight of 21-23,0 00. 
Furthermore, this 21-23,000 dalton species was reactive 
with monoclonal antibody A4 by western blotting (Vectastain 
ABC Kit for. Mouse IgG, Vector Labs, Burlingame, CA) . These 
results suggest that the 17,000 dalton polypeptide in spor- 
ocyst membranes and the 6,500 dalton polypeptide in sporo- 
zoite membranes are complexed to another polypeptide ( s ) in 
the A4 antigen. The fact that this other polypeptide 
component of the A4 antigen was not observed in immuno- 
precipi tation experiments of iodinated material can be 
explained by the observation that this other polypeptide 
does not contain any tyrosines that could be iodinated (see 
description of the 8,000 dalton polypeptide component of the 
A4 antigen in Examples 5 and 6). 
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EXAMPLE 4 

PURIFICATION, IDENTIFICATION AND 
CHARACTERIZATION OF THE EIMERIA TENELLA 
A4 ANTIGEN AND FRAGMENTS THEREOF 



Purification of the 17,000 dalton peptide component of the 
A4 Antigen . 

E. tenella sporulated oocysts were resuspended in 10 ml PBS 
per 10 9 oocysts and were broken by shaking with an equal 
volume of glass beads. Membranes were isolated by cen- 
trifugation (100,000 xg, 60 min., 4°C) and the proteins were 
solubilized in 1% NP-40, 10 mM Tris (pH 7.5), 25 mM NaCl, 1 
mM PMSF, 1 mM TLCK, 0 . 1 mM TPCK and 10 KlU/ml aprotinin. 
Insoluble material was pelleted with another 100,000 x g 
spin (60 min., 4°C). The protein was adsorbed to a DEAE- 
cellulose column equilibrated with 10 mM Tris (pH 7.7), 
0.05% NP-40 and then washed with this buffer containing 50 
mM NaCl. After elution with buffer containing 200 mM NaCl, 
the 17,000 dalton polypeptide was concentrated by acetone 
precipitation and the precipitate resuspended in loading 
buffer, boiled and subjected to electrophoresis in SDS- 
polyacryl amide (15%).; Conventional SDS-PAGE sample buffer 
used in this and other experiments contained 62.5 mM Tris- 
HC1 (pH 6.8), 2% (w/v) sodium dodecyl sulfate, 10% (w/v) 
glycerol and 0.001% (w/v) bromphenol blue. The buffer also 
contained 5% (w/v) B-mercaptoethanol except in SDS-PAGE 
experiments in which non-reducing conditions are specified. 
The 17,000 dalton polypeptide band was identified by stain- 
ing (Coomassie blue or KC1) . The appropriate gel region was 
excised, the protein electroeluted and concentrated by 
acetone precipitation. Note that these procedures are 
denaturing for proteins and peptides bound to each other by 
disulfide bonds are separated with this method. The 17,000 
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dalton polypeptide purified by this method was essentially 
pure. 

Purification and Characterization of the A4 Antigen . 
Alternatively to purification by gel electrophoresis the 
sporocyst membrane proteins from the DEAE-cellulose column 
were dialyzed against 10 mM Tris HCl, pH8, 0.05% NP-40 and 
applied to a DEAE-HPLC column (BioRad) equilibrated in this 
buffer. The column was developed with a NaCl gradient ( 0- 
300 mM) in the same buffer. The 17,000 dalton polypeptide 
(identified by its migration on gel electrophoresis) was 
found in material eluting at 200 mM NaCl. Fractions con- 
taining this protein were applied to a hydroxylapatite 
column ( HP HT -BioRad ) equilibrated with 30 mM potassium 
phosphate, pH 6.5, 0.05% Zwittergent 3-12 (Calbiochem- 
Behring, LaJolla, CA) 0 . 1 mM di thiothreitol . The column was 
washed with equilibration buffer and developed with a po- 
tassium phosphate gradient (0-300 mM) containing 0.05% 
Zwittergent and 0.1 mM dithiothreitol. The 17,000 dalton 
polypeptide (identified by gel electrophoresis described 
above) appeared in material eluting at approximately 90 mM 
potassium phosphate. 

The fractions containing the 17,000 dalton polypeptide 
purified by this method also contained a second peptide of 
8,000 daltons. This peptide appears to be linked by a 
disulfide bridge to the 17,000 dalton polypeptide. If the 
fractions containing the 17,000 dalton peptide were immuno- 
precipitated with monoclonal antibody A4 and the precipi- 
tated proteins were analyzed by gel electrophoresis under 
reducing conditions (as above) both the 17,000 and 8,000 
dalton polypeptides appear to be immunoprecipitated. Hence 
in sporocyst membrane preparations the 8,000 dalton and 
17,000 dalton polypeptides appear to be linked by a di- 
sulfide bond (presumably by a cysteine bridge) because the 
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two peptides did not appear on electrophoresis unless a 
strong reducing agent was present. Under non-reducing 
conditions the A4 reactive species migrates with an apparent 
molecular weight of 21-23,000. 

Preparation of the 11,500 dalton fragment of the A4 antigen . 
E. tenella sporocyst membranes were prepared as described 
above and resuspended in 10 ml of PBS + 1% Triton X -100. To 
this 10 ml membrane suspension was added 10 ml of 80% phenol 
containing 0.1% 8-hydroxyquinoline . The suspension was 
then vortexed at maximum speed for three minutes and cen- 
trifuged for ten minutes at 4000 RPM. The phenol and the 
f locculent interface were removed and diluted in five vol- 
umes of 100 mM ammonium acetate in methanol and allowed to 
precipitate at -20°C overnight. Following two washes in 
acetone, the insoluble proteins were agitated for 8 hours in 
0.5% SDS, and insoluble materials removed by centrif ugation 
at 20,000 RPM for one hour at 4°C. The sample was dialyzed 
extensively against PBS (pH 7.2) containing AG 501-X8 mixed 
bed resin (1 gm/500 ml). The 11,500 dalton fragment of the 
A4 antigen was then immunoadsorbed from the supernatant 
usLng the Ptn 7.2A4/4 monoclonal antibody. This poly- 
peptide was shown to be reactive with the Ptn 7.2A4/4 
monoclonal antibody by microti ter plate ELISA. 

For microtiter plate ELISA polystyrene 96 well clusters 
(Immulon II) were sensitized with antigen in 10 mM glycine 
buffered saline, pH 9.6, incubated overnight at 3 7°C. The 
wells were washed with 0.15M PBS with 0.0005% Tween-20, 
blocked with 3% BSA in PBS-Tween, rewashed, and incubated 
with Ptn 7.2A4/4 monoclonal antibody diluted in PBS. The 
wells were washed as before, and then incubated with per- 
oxidase conjugated rabbit anti-mouse IgG serum diluted in 
PBS. The wells were washed again and then incubated 
with substrate (2,2' -azino-di- [ 3-ethy 1-benz thiazol ine 
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sulfonate]) in the presence of H2O2. Color development was 
determined with a Dynatech MR-580 microtiter plate ELISA 
reader after 15 minutes. 

Preparation of the 6,500 dalton fragment of the A4 antigen . 
E . tenella sporocysts were prepared. Sporocysts were then 
incubated for 1 hour . at 41°C in a solution containing 0.25% 
trypsin and 0*5% taurodeoxycholic acid in order to liberate 
sporozoites. Sporozoites were then washed several times in 
PBS containing 1 mM PMSF and sporozoite membranes prepared 
by mechanical breakage of sporozoites with glass beads. The 
6,500 dalton fragment of the A4 antigen could be immuno- 
precipitated with the Ptn 7.2A4/4 monoclonal antibody or the 
E . tenella sporozoite-specif ic chicken antisera. 

Relationship of the Various Peptides and Fragments of the A4 
Antigen . 

As will be shown in Examples 5 and 6 the gene encoding the 
A4 antigen encodes a 25,000 dalton protein. This protein is 
subsequently processed by proteolysis to produce 17,000 and 
8,000 dalton peptides which are linked by a disulfide bond. 
Both the 11,500 and 6,500 dalton fragments of the A4 antigen 
are believed to be fragments of the 17,000 dalton peptide. 
Since the 6,500 dalton fragment labels well with iodine 
whereas the 8,000 dalton peptide does not iodinate we 
conclude the 6,500 dalton fragment is derived from the 
17,000 dalton peptide. The 11,500 dalton fragment is seen 
on reducing SDS-PAGE and therefore must be derived from the 
17,000 dalton peptide. The exact location of these two 
fragments within the 17,000 dalton peptide is unknown. 
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EXAMPLE S 

AMINO ACID SEQUENCE OF THE 17,000 AND 8,000 
DALTON PEPTIDE COMPONENTS OF THE A4 ANTIGEN 

Amino Acid Sequence of the 17,000 dalton peptide component 
of the A4 Antigen * 

Amino acid sequencing of the 17,000 dalton peptide was 
complicated by the finding that the N terminal amino acid was 
blocked {i.e. not accessible to Edman degradation (12) ) . To 
circumvent this problem the protein was reduced and al- 
kylated and then digested with various chemicals and en- 
zymes. The resulting peptides were purified by reverse 
phase HPLC (17). The 17,000 dalton polypeptide or the A4 
antigen was digested with CNBr (CN), V8 protease (V), 
chymotrypsin (CH) and Endoprotease Arg-C (R) . 

Before protease digestion the purified 17,000 dalton poly- 
peptide or the A4 antigen was treated with 3 0 mM dithio- 
threitol, 6M guanidine-HCl (pH 8) for 1 hour at room tem- 
perature. Solid iodoacetamide was added to a final con- 
centration of 100 mM, the pH was readjusted to 8 and the 
sample was incubated for 1 hour at room temperature. Fol- 
lowing reduction and alkylation samples were purified from 
reagents either by P6DG (Bio-Rad, Richmond Cal.) spin columns 
equilibrated in 0.1MMOPS, pH 7.5, 0.1% SDS or by reverse phase HPLC. 

For CNBr digestion the protein sample was treated with 1% 
CNBr in 70% formic acid for 20 hours at 4°C. The sample was 
evaporated to dryness in a Savant Speedvac centrifuge and 
redissolved in 0.1% trif luoroacetic acid (TFA) or 0.1% TFA, 
20% acetonitrile (CH3CN). V8 digestion was performed in 
0.1% SDS, 0.1M MOPS pH 7.5 for 2 hours at room temperature 
at a ratio of 50 ug 17,000 dalton polypeptide: l y g V8 . After 
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digestion the samples were precipitated with 4 volumes of 
acetone at -20°C overnight. The acetone precipitates were 
redissolved as described above. Chymotrypsin digestion was 
performed in 0.05% Zwittergent 3-12, 0.1M NH4HCO3, pH 7.8 
for 1 hour at 37°C at a ratio of 50:1, 17,000 dalton pep- 
tide: chymotrypsin. Samples were acidified with TFA for 
peptide purification. Arg-C digestion was performed in 
0.05% Zwittergent 3-12, 0.1M NH4HCO3 pH 7.8 for 2 hours at 
37°C at a ratio of 15:1, 17,000 dalton peptide: Arg-C. 
After acetone precipitation overnight at -20°C the peptides 
were mainly in the acetone supernatant. The supernatant was 
evaporated and the samples redissolved as described above. 
Peptides were purified on a Vydac C4 column (the Separations 
Group, Inc., Hisparia, CA) and eluted with a 0-100% CH3CN 
gradient in 0.1% TFA. 

Amino acid sequencing was performed using a gas phase sequencer 
(Applied Biosystems, Inc., Foster City, CA) according to the 
procedure of Hunkapiller et al . (16). Phenylthiocarbamyl 
(PTC) derivatized amino acids were analyzed by HPLC (5). 

The N terminal amino acid was determined directly by re- 
moving the blocking agent. The 17,000 dalton peptide was 
treated with pyroglutamate aminopeptidase (5:1 protein: PAP) 
in 0.1M potassium phosphate (pH 8.0), 10 mM EDTA, 5% gly- 
cerol, 5 mM dithiothreitol , 0.05% Zwittergent 3-12 for 1 
hour at 37°C. After treatment the amino acid sequence could 
be determined directly suggesting that the N terminal amino 
acid glutamine is cyclized to form the blocked residue 
pyrrolidone carboxylic acid. 

The complete amino acid sequence for the 17,000 dalton 
peptide component of the A4 antigen is shown in Figure 1. 
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Partial Amino Acid Sequence of the 8,000 daiton Peptide 
Component of the A4 Antigen . 

When the purified 8 f 000 daiton peptide (derived from the A4 
antigen by reduction and alkylation) was subjected to Edman 
5 sequencing the N terminal amino acid sequence could be 
determined directly. A partial amino acid sequence of the 
N terminal region of the peptide is shown below: 

NH2 - ala ala gly thr thr asp ala val ile cys 
0 leu thr asn pro ala pro leu glu ala 

arg ser gin pro phe asp asp glu 
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EXAMPLE 6 

ISOLATION AND CHARACTERIZATION OF A 
GENOMIC DNA CLONE ENCODING THE A4 ANTIGEN 

Isolation of DNA from E. tenella Sporulated oocysts . 
Sporulated oocys ts - ( 5x10 s ) were washed and sporocysts were 
isolated as described previously. Isolated sporocysts 
were washed 2X with 0.1M Tris-HCL, (pH8.5), 0.2MNaCl, lOmM 
EDTA. Sporocysts were lysed by incubation for 30 min. at 
65°C in 0.1M Tris-HCl, (pH 8.5} f 0 . 2M NaCl, 50 mM EDTA , 1% 
SDS, 150 jag/ml Proteinase K . After cooling to room tem- 
perature the DNA was gently extracted with an equal volume 
of phenol for 1 hour. After centr if ugation for 10 min. at 
3,000 rpm the aqueous layer was removed and the interface 
and phenol were reextracted with 10 mM Tris-HCJL (pH 8), 1 
mM EDTA. The aqueous phases were pooled and extracted IX 
with phenol and 2X with chloroform: isoamyl alcohol (24:1) . 
DNA was isolated by ethanol precipitation. The DNA pellet 
was redissolved in lOmM Tris-HCl (pH 8), 1 mM EDTA and 
treated with 0.15 mg/ml DNase free-RNase. A for 1 hour at 
3f°C. After RNase digestion the sample was extracted IX 
with phenol r IX with chloroform: isoamyl alcohol and then 
precipitated with ethanol. On agarose gels the size of the 
DNA was determined to be greater than 20 kilobase pairs. 

Construction of the E. tenella Genomic Library in Bacterio- 
phage Xgt wes XB . 

The E. tenella genomic DNA library in bacteriophage Xgt 
wes Xb (25) constructed using methods described by Maniatis 
et al. (32). Phage were purified by polyethy leneglycol 
precipitation , chloroform extraction and CsCl gradient 
centr if ugation. Purified phage were disrupted with 1% SDS, 
50mM EDTA and 150jjg/ml Proteinase K, and DNA was purified 
by phenol extraction, chloroform extraction and ethanol 
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precipitation. The E . tenelia genomic DNA and phage DNA 
were digested to completion with EcoRI . The left and right 
arms of the phage DNA were annealed at their cohesive ends 
and the arms were purified by sucrose density gradient 
centrif ugation. 30 yg EcoRI digested DNA arms were ligated 
to 6yg EcoRI digested E. tenelia DNA using T4 DNA ligase. 
20 \x9 of the ligated DNA was packaged in vitro into phage 
particles producing a library of 5 X 10 6 recombinant phage 
particles . 

Synthetic oligonucleotides 

Oligonucleotide probes that would be complementary to 
regions of the gene encoding the 17,000 dalton peptide 
component of the A4 antigen were synthesized using a Bio- 
search Sam I (Biosearch, Inc., San Rafael, CA) . The 
expected DNA sequences of the appropriate regions were 
deduced from the amino acid sequence of the 17,000 dalton 
peptide. Because of the ambiguity in the genetic code, the 
exact DNA sequence cannot be predicted. "Mixed probes" 
were designed and synthesized which contained a mixture of 
DNA sequences, one of which should have perfect match 
homology with the gene for the 17,000 dalton peptide. 

Oligonucleotide COD 92 was based on amino acids 6 to 12 of 
peptide VI (see Example 5 for the amino acid sequence of the 
17,000 dalton peptide). It contained a mixture of 256 
different sequences. The structure of oligonucleotide COD 
92 is: 

G A A G A A 
3' - CCATT AA CGAAT AT GG - 5 1 
T G G T G G 
C C 

Amino Acid 

Sequence: GlyAsnPheAlaTyrTyrPro 
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Oligonucleotide COD 94 was based on amino acids 3 to 8 of 
peptide V2 of the 17 , 000 dalton peptide. It contained a 
mixture of 64 different sequences: 

A G A G 
5 ' - TGGAA ACAGA ATATG - 3 • 
G T G T 
C C 

Amino Acid 

Sequence : TrpLysThrGluIleCys 

Oligonucleotide COD 108 was based on amino acids 25-30 of 
peptide VI. It contained a mixture of 16 different se- 
quences. The structure of oligonucleotide COD-108 is: 

T G T G 

3* - CT AT ACCTT CC CC - 5' 
C A C A 

Amino Acid 

Sequence : GluTyrTrpLysGlyGly 



Screening the E . tenella Genomic DNA Library . 
Recombinant phage of the E. tenella genomic DNA library were 
plated on 15 cm plates at high density, up to 2-3 X 10 4 phage 
per plate. Nitrocellulose filter replicas of each plate 
were prepared according to the method of Benton and Davis 
(2). The filters were then incubated with the appropriate 
synthetic oligonucleotides which had been labeled to high 
specific activity with ( 32 P)-ATP and T4 polynucleotide 
kinase. Positive plaques were identified by autoradio- 
graphy. Only those plaques that hybridized to both oligo- 
nucleotides COD-92 and 108 were scored positive. 
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Small blocks of agar were cut from the plates in regions that 
corresponded to the region of the filter containing the 
hybridizing DNA. The phage were eluted, replated at lower 
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density ( 20-100/plate ) and rescreened with all three oligo- 
nucleotide probes. Pure isolated positive plaques or clones 
were picked. Phage 108-1 hybridized strongly to oligo- 
nucleotide COD-92 and moderately to oligonucleotides COD- 
5 108 and 94. Phage 108-1 was grown up on a larger scale for 
purification and characterization of the E. tenella DNA 
insert. Characterization of phage 108-1 DNA showed an EcoRI 
insert of 5,500 bp. 

1° Detailed Characterization of the Genomic Clone Encoding the 
17,000 dalton Peptide - Restriction Map . 

The 5,500 bp Eco RI fragment insert of clone 108-1 was 
subcloned from the A phage vector into plasmid pUC 9 (56). 
The recombinant plasmids were digested with a variety of 

* 5 restriction endonucleases to determine the position of key 
restriction sites in the genomic DNA clone. The position of 
restriction sites within the DNA was needed to determine the 
location and orientation of the 17,000 dalton peptide gene 
and to develop a strategy to sequence the Eco RI genomic DNA 

20 fragment. The restriction map is presented in Figure 2. The 
location and orientation of the gene for the 17,000 dalton 
peptide is shown on this map. 

DNA Sequence Analysis of Clone 108-1 . 

25 The Bglll-Eco RI fragment of clone 108-1 containing the gene 
for the 17,000 dalton peptide component of the A4 antigen was 
sequenced by the dideoxy method of Sanger (44) using various 
restriction enzyme fragments. Primers for DNA synthesis 
included oligonucleotides COD-92, 94 and 108 as well as 

30 other synthetic oligonucleotides. The DNA sequence is shown 
in Figure 3. 
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Structure of the Gene Encoding the A4 Antigen . 

The DNA sequence agrees with that predicted by the amino acid 

sequence analysis. In addition there are three features of 
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the gene which are not apparent from the protein sequence. 
Using protein sequence information and general information 
regarding the structure of secretory proteins we have de- 
duced the structure of the gene for the A4 antigen. 

From the known amino terminus of the sporocyst membrane 

17 , 000 dalton peptide (see Example 5), Gln-Asp-Tyr , we 

see that the gene encodes an extra 23 amino acids upstream. 
This DNA sequence is a typical "signal" sequence found at the 
amino terminus of genes for many secretory or membrane 
proteins (23, 3). The peptide it encodes is required for the 
export of proteins from their site of synthesis (the cyto- 
plasm) to and/or through the plasma membrane. The signal 
peptide is usually removed during the secretory process. It 
is not surprising that the A4 antigen is made with a signal 
peptide since it most likely traverses the cytoplasmic 
membrane in order to be found at the outer surfaie of the 
sporozoite. The amino terminus of the signal sequence is 
assumed to be the Met codon since, essentially, synthesis of 
all proteins begin with methionine. 

There are three regions of the gene in which the DNA sequence 
does not coincide with the protein sequence. The first is 
a "101 bp segment occurring within the codon for Val-7 of the 
known mature 17,000 dalton protein sequence. The second is 
a 114 bp sequence between the codons for Gly-65 and Gly-66 
of the 17,000 dalton peptide. The third is a 124 bp sequence 
within the codon for Asp-186 of the 8,000 dalton peptide. 
These three sequences are intron structures typically found 
within the coding regions of many eukaryotic genes. They are 
present in the precursor to the mRNA, and then removed by an 
RNA recombination mechanism known as "splicing," to give the 
mature mRNA with an uninterrupted coding sequence. The DNA 
sequences around the "splice junctions" are consistent with 
those seen in other eukaryotic genes (47). 
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The sequence of the 17,000 daiton peptide appears to term- 
inate with the sequence Gly-Gly corresponding to codons 157 
and 158- We have also identified an 8,000 daiton peptide 
with the sequence beginning with Ala-162 extending to Glu- 
18 8. The peptide sequence Arg-Arg-Leu corresponding to 
codons 159 through 161 has not been found. It is probable 
that this tripeptide is removed by a mechanism similar to the 
cleavage of other proteins such as insulin (53), Hence the 
two peptides of the A4 antigen are encoded by a contiguous 
nucleotide sequence, and at least one proteolytic step 
occurs to generate the 8,000 daiton peptide beginning with 
Ala-162. 
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EXAMPLE 7 

PREPARATION OF ANTI-IDIOTYPE ANTIBODY 
TO THE A4 PROTEIN ANTIGEN 



The A4 anti-idiotype antibody was prepared by sensitizing 
rabbits with purified A4 monoclonal antibody. 

Preparation of A4 Monoclonal Antibody . Ptn 7.2A4/4 hy- 
bridomas were propagated in HB101® serum free media (HANA 
Biologies) to a. density of approximately 2xl0 5 cells/ml. 
Supernatants were tested by the double radial immunodif- 
fusion method in agarose gels against anti-mouse IgG and 
anti-mouse YG3 . Positive supernatants were pooled and 
concentrated approximately 50-fold by ultrafiltration and 
dialyzed acainst 50 mM Tris, 150 mM NaCl, 0.2% NaNV pH 8.4. 
The supernatant was then passed over a Protein A - Sepharose 
column to bind immunoglobulin. The column was washed with 
15-bed volumes of the above buffer to remove all traces of 
unbound protein. Bound antibody was eluted from the column 
in 2 ml fractions with 100 mM sodium acetate, 0.04% sodium 
azide, pH 4.0, into tubes containing 2 ml of 500 mM phosphate 
buffer, pH 7.5. The antibody was then passed through a DEAE 
Affi-gel® blue column (Bio-Rad Labs) and peak fractions 
pooled and concentrated by ammonium sulfate precipitation. 
The concentrated antibody was dialyzed to remove residual 
salt and quantitated by the Lowry protein quantitation 
method. Purity was determined by electrophoretic sepa- 
ration in 8-20% SDS-PAG polyacryiamide gel. 

A4 Anti-Idiotype Antibody Production . Rabbits were immu- 
nized with an initial dose of 500 pg purified Ptn7.2A4/4 
antibody in Complete Freunds Adjuvant followed by three 
booster administrations of 500 pg of antibody each in Incom- 
plete Freunds Adjuvant, ten days apart. Rabbits were bled 
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by cardiac puncture and sera prepared and immediately stored 
at -70 C. 

Preparation of Mouse Serum Protein Immunoadsorption Column . 
Non-immune mouse serum was ammonium sulfate (50% saturated) 
precipitated and the precipitated proteins resuspended in 
PBS and passed over a Sephadex G-25 column to remove residual 
salt. Peak fractions were pooled and dialyzed against 100 
mM NaHCC>3, 500 mM NaCl , pH 8.3 and covalently bound to CNBr- 
activated Sepharose. 

Purification of A4 Anti-idiotype Antibody . Immune rabbit 
serum against Ptn 7.2A4/4 was loaded onto the immunoad- 
sorption column prepared with mouse serum proteins. Unbound 
antibody was collected in 2 ml fractions and tested for 
activity against Ptn7.2A4/4 by double radial immunodif- 
fusion. Positive fractions were then examined for antibody 
heavy and light chains by SDS-PAGE. This preparation can be 
used to vaccinate chickens. A typical protocol for vac- 
cination/protection studies may be as follows. Birds may be 
vaccinated intramuscularly with 100 yg of A4 anti-idiotypic 
antibody . ad juvanted with three parts carrier consisting of 
5% Arlacel 4, 94% "Drakeol 6-VR and 1% Tween-80. Control 
birds may either be unvaccinated or receive adjuvanted 
antibody from control rabbits purified in the same way as the 
A4 anti-idiotype antibody. Fourteen days later the birds 
may be revaccinated with another 1*00 p g of adjuvanted 
antibody. .Fourteen days after the second vaccination the 
birds may be challenged with 12,000 E. tenella oocysts. The 
birds may be lesion scored five days post-challenge. Le- 
sions scores may be reduced 50-60% in A4 anti-idiotype 
antibody vaccinated birds when compared to controls. 
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EXAMPLE 8 

PASSIVE PROTECTION OF CHICKENS USING 
MONOCLONAL ANTIBODY PTN 7 . 2A4/4 

Protection against E. tenella and E . necatrix Sporozoite 
infection using monoclonal antibody Ptn.7.2A4/4 . Two ex- 
periments were done to determine if monoclonal antibody Ptn 
7.2A4/4 developed against E . tenella sporozoites and shown 
to neutralize E . tenella sporozoites in vitro , could pas- 
sively protect chickens from an infection of E. tenella or 
E. necatrix sporozoites via cloacal or oral routes re- 
spectively. In experiment 1, six groups of seven 4-week-old 
SPF white Leghorn chickens were inoculated with either 10 6 , 
10 5 or 10 4 sporozoites of E. tenella intracloacally . Sporo- 
zoites were preincubated for one hour in eight times the 
minimal neutralizing dose of Ptn 7 . 2A4/4 monoclonal anti- 
body (1.75 x 10 6 antibody molecules/sporozoi te ) or an equal 
volume of SP2/0 myeloma supernatants . In experiment 2, six 
groups of seven 4-week-old SPF white Leghorn chickens were 
inoculated orally with 10 6 , 10 5 , or 10 4 E. necatrix sporo- 
zoites. Prior to inoculation, sporozoites were incubated 
for a period of one hour in 5 times the minimal neutralizing 
dose of Ptn7.2A4/4. Control sporozoites were incubated in 
SP2/0 myeloma culture supernatants. 

Intracloacal and oral inoculation with sporozoites was done 
using syringe and coagulation tip. The appropriate number 
of sporozoites was given in either 0 . 5 or 1 ml dose. 

In experiment 1, three birds died of coccidiosis between 
days 4 and 5 in the control group receiving 10 6 sporozoites. 
There was one mortality in the treatment group. Likewise, 
lesion scores and hematocrit readings indicated a more 
severe infection in the control groups than in the treatment 



-51- 



0164176 



groups - 



IN VIVO NEUTRALIZATION OF E. TE3STFTJA SPOROZOITES 



Sporozoite 


Sporozoite 


Hematocrit** 


Lesion Score 


No. of 


Treatment 


Dose* 


x ±. s.d. 


x ±. s.d. 


Deaths 


Control 


10 4 


30.1 + 1.9 


2.4 + 0.7 


0 


Control 


105 . 


23.4 + 6.8 


3.0 + 0.8 


0 


Control 


10 6 


20.4 + 5.7 


3.9 + 0.3 


3 


Ptn 7.2A4/4 


104 


33.5 + 2.1 


1.0 + 0.8 


0 


Ptn 7.2A4/4 


105 


33.4 + 2.9 


1.4 + 0.9 


0 


Ptn 7.2A4/4 


10 6 


22.5 + 4.1 


3.4 + 1.0 


1 



* 7 birds per dose level/sporozoites given intracioacally. 
** Hematocrits were determined only on surviving birds. 



The results in a second experiment showed that birds receiv- 
ing E. necatrix sporozoites treated with Ptn7 . 2A4/4 mono- 
clonal antibody were afforded some protection against in- 
fection. The lesion scores for groups receiving Ptn 7.2A4/4 
were lower than respective controls groups. 



IN VIVO NEUTRALIZATION OF E. NECATRIX SPOROZOITES 



Sporozoite 


Sporozoite 


Lesion Score 


Treatment 


Dose* 


x ±. s.d. 


Control 


10* 


1.6 + 0.5 


Control 


105 


1.8 + 0.7 


Control 


10 6 


3.0 + 0.9 


Ptn 7.2A4/4 


104 


0.8 + 0.4 


Ptn 7.2A4/4 


105 


1.2 + 0.4 


Ptn 7.2A4/4 


106 


2.2 + 0.7 



7 birds per dose level/sporozoites given orally. 
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EXAMPLE 9 

USE OF tomta A4 ANTIGEN AND AN 11,500 DALTON 
FRAGMENT THEREOF TO ELICIT SPOROZOITE NEUTRALIZING SERUM RESPONSE 
AND PROTECTIVE RESPONSE AGAINST R. TENELLA IN CHICKENS 

Eliciting Sporozoite Neutralizing Serum Response Against E. 
tenella Using the A4 Antigen . 

The A4 antigen used in these experiments was prepared from 
sporocycts by methods described in Example 4 for the pre- 
paration of the nonreduced intact A4 antigen. Purity and 
identity of the protein was confirmed by SDS-PAGE and im- 
munoreactivity with monoclonal antibody Ptn 7.2A4/4 prior 
to use in chickens . 

Vaccine preparations were formulated at a levei of one 
volume antigen to three volumes of oil carrier consisting of 
5% Arlacel A, 94% Drakeol 6-VR, 1% Tween 80 so that each 0.1 
ml dose contained approximately 15 \ig of A4 antigen. When 
necessary, antigen was diluted with PBS (pH 7.2) to the level 
desired for formulation. Chickens received 0.1 ml dose by 
intramuscular route in the neck muscle. Antigen was ad- 
ministered two more times by the same route using the same 
amount at two-week intervals. 

Three days prior to each administration of protein, and 
eleven days after the final administration, birds were bled 
for collection of serum samples. Heat inactivated sera were 
tested independently in the sporozoite microneutralization 
assay as described in Example 1. 

The results as set forth below indicate that whereas non- 
vaccinated birds receiving carrier only had no demonstrable 
neutralizing antiserum titers against E. tenella sporo- 
zoites, birds receiving three doses of the antigen had 
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demonstrable neutralizing antiserum titers. 

A4 Antigen Induced Sporozoite Neutralization Assay Data 



Sporozoite Neutralization Titers (NDS) 



Serum Sample 


Highest 


Lowest 


Median Titer 


Prebleed a 


N.D .k 


N.D. 


N.D. 


Nonvaccinate 








Controls (n=9) 


N.D. 


N.D. 


N.D. 


Carrier Only (n=14) 


N.D. 


N.D. 


N.D. 


Carrier/Protein 








Vaccine ( n=15 ) 


1:32 


N.D. 


1:8 


Immune serum c 






1:32 


(Whole Sporozoite 








Vaccinates) 









Serums from birds within each treatment group were 
pooled and tested. 

N.D. = No detectable neutralization. 
Pooled serum from several birds. 



Eliciting a Protective Response in Chickens Using the A4 
Antigen . 

Sixty-three (63) days after the final vaccinataion, some 
birds were challenged, orally with 1,000 sporulated E. 
tenella oocysts. This was followed the next day with 3 f 000 
sporulated E. tenella oocysts also given orally. Caecal 
lesions were scored 5 days after the final challenge. The 
results are tabulated below. 



10 
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Protection of A4 Antigen Vaccinate Birds 
Against E. tenella Coccidiosis 

Lesion Score X+s.d. 
Nonvaccinate Controls (n=17) 3.4 + 0.6 

Adjuvant Only (n=5) 4.0 + 0.0 

A4 Antigen/Adjuvant Vaccinates (n=8) 2.4 + 1.3 

Eliciting sporozoite neutralizing serum response against E. 
tenella using the 11,500 dalton fragment of the A4 antigen . 
The 11,500 dalton immunogen used in these experiments was 
prepared from sporocysts by phenol extraction as described 
in Example 4. Purity and identity of the protein was 
confirmed by SDS-PAGE and immunoreactivi ty with monoclonal 
antibody Ptn 7.2A4/4 prior to use in chickens. 

Lyophilized purified antigen was dissolved in 0.15 M phos- 
phate buffered saline and emulsified in three parts carrier 
consisting of 5% Arlacel A, 94% Drakeol 6-VR, 1% Tween-80 at 
a final antigen concentration of 70 pg/ml . Chickens received 
14 yg protein/0.2 cc dose by intra-muscular route in the 
ne£k muscle. Antigen was again administered two weeks later 
by the same route using the same amount. 

One day prior to each administration of protein, and two 
weeks after the second administration of protein, birds were 
bled for collection of serum samples. Heat inactivated sera 
were tested independently in the sporozoite microneutra- 
lization assay as described in Example 1. 



The results as set forth below indicate that whereas non- 
vaccinated birds receiving carrier only had no demonstrable 
neutralizing antiserum titers against E. tenella sporo- 
zoites, birds receiving two doses of antigen had demon- 
strable neutralizing antiserum titers of up to 1:81. 
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Sporozoite Neutralization Assay Data 



Sporozoite Neutralization Titers (NDS) 



Serum Sample* 



Bleeding Highest Lowest Median Titers 



Prebleed 



0 week 



<1:3 



<1:3 <1:3 



10 Non-vaccinate 
Controls 



2 weeks 
4 weeks 



<1:3 
<1:3 



<1:3 
<1:3 



<1: 3 
<1:3 



15 



Carrier only 



Carrier/protein 
vaccine 



2 weeks 
4 weeks 

2 weeks 
4 weeks 



<1:3 
<1:3 

<1:3 
1:81 



<1:3 
<1: 3 

<1:3 
<1:3 



<1:3 
<1:3 

<1:3 
1:9 



20 



25 



30 



Immune serum** 

(Whole Sporozoite 
vaccinates ) 



1:81 



35 



* *5 birds per group. 
** Pooled serum from several birds. 

Eliciting a protective response in chickens using the 11,500 
dalton fragment of the A4 antigen . 

Birds received approximately 3 yg of antigen in the afore- 
mentioned carrier one time in the neck muscle. A second 
group of birds received the carrier substance only. A final 
group of non-vaccinate [sentinal] birds was housed with each 
of the two aforementioned groups. Birds were exposed to 
coccidia by being housed in E. tenella contaminated cages. 
Approximately two weeks later, the birds were examined and 
found to have been infected by E. tenella . The following 
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observations were noted . 



15 



20 



25 



30 



Protection of Vaccinate Birds Against 
Coccidiosis by E. tenella 



Treatment Lesion Score X f s.d, No. of Deaths 



Adjuvant only (n=5) 3.8 + 0.4 

10 Antigen vaccination (n=5) 1.0 + 0.8 
Sentinal Birds (n=6) 4.0+0.0 



2 
0 
6 



Because the conditions described above closely mimic the 
natural means of exposure to E. tenella in the field, the 
data presented show clear evidence of the usefulness of the 
invention for protection against coccidiosis du - to E. 
tenella . 

Demonstration t hat neutralizing serum antibodies of chick- 
ens recognize the 17,000 dalton polypeptide component of 

the A4 antigen . 

Analysis of serum antibody specificity for the 17,000 dalton 
polypeptide component of the A4 antigen was performed using 
Western blots (4,46). All chicken sera with demonstrable neu- 
tralization titers to E. tenella sporozoites were shown to 
possess immunoglobulins with specificity for the 17,000 
dalton polypeptide component of the A4 antigen; conversely , 
no sera from non-responding or control birds had specificity 
for the 17,000 dalton polypeptide or any other sporozoite 
protein. 



35 



Demonstration th at neutralization serum antibodies of 
chicken s compete with monoclonal antibody Ptn 7.2A4/4 . 
Sera from vaccinated birds with demonstrable neutralization 
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titers to E. tenella sporozoites, as well as corresponding 
control sera were tested for the ability to compete with 
antibody Ptn 7.2A4/4 for binding sites on sporozoite mem- 
branes. Polystyrene 96 well clusters (Immulon II) were 
5 sensitized with 50 yl of sporozoite membrane proteins in 10 
mM glycine buffered saline , pH 9.6, at a level of approx- 
imately 100 \iq total protein/ml. Serial two-fold dilutions 
of sera were prepared in 0.15M phosphate buffered saline 
with 0.0005% Tween-20 containing a 1:80 dilution of alkaline 

10 phosphatase conjugated to Ptn 7.2A4/4 and then transferred 
to the sensitized plates at a final volume of 75 jil/well. 
After incubation at 37°C for 30 minutes, the plates were 
rinsed free of unreacted materials using 0.15M phosphate 
buffered saline with (0.0005%) Tween-20. Afterward, sub- 

15 strate consisting of the sodium salt of phosphoni trophenol 
dissolved in 100 mM diethanoline buffer at a level of 1 mg/ml 
was added to each well of the plate to a final volume of 
100 \i 1. The resultant reaction product was monitored 
spectrophometrically. From the study it was possible to 

20 ascertain that sera from birds responding to the vaccination 
as evidenced by neutralization and immunoblots also con- 
tained antibody which competed with monoclonal antibody Ptn 
7.2A4/4. This experiment provides direct evidence that 
antigen purified from sporozoite membranes by either im- 

25 munoaffinity chromatography using monoclonal Ptn 7.2A4/4 or 
conventional chromatography is capable of stimulating an 
immune response in chickens to the epitope defined by 
monoclonal Ptn 7.2A4/4. 



30 
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EXAMPLE 10 

USE OF E. TENELLA PROTEIN TO ELICIT 
SPOROZOITE NEUTRALIZING SERUM RESPONSE 
AGAINST E, NECATRIX IN CHICKENS 



Heat inactivated sera from birds vaccinated with the 11,500 
dalton fragment of the A4 antigen (Example 9) were pooled and 
tested in the neutralization assay (Example 1) substituting 
embryonic porcine lung cells for embryonic chick kidney 
cells. The results were as listed in the following table. 



Treatment 

Non-immune chicken serum 

A4 Antigen Vaccination 

HI- tenella whole sporozoite 
immune serum 



Neutralization Titer 
<1:12 

1:48 
1:48 



The data demonstrate the development of an elevated serum 
neutralization titer against E. necatrix when birds receive 
the purified 11,500 dalton fragment of the A4 antigen. Since 
it was previously demonstrated that administration of the A4 
antigen or the 11,500 dalton fragment of the A4 antigen 
results in the elevation of serum neutralizing titers to E. 
tenella , and that administration of the A4 antigen or the 
11,500 dalton fragment of the A4 antigen results in pro- 
tection from E. tenella challenge, and since E- necatrix 
sporozoite neutralization titers are elevated by the ad- 
ministration of the 11,500 dalton fragment of the A4 an- 
tigen, one may infer that protection against E. necatrix 
challenge will also result from administration of either the 
A4 antigen or the 11,500 dalton fragment of the A4 antigen* 
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EXAMPLE 11 

FORMULATION AND USE OF ANTIGEN FOR PROTECTION 
OF CHICKENS AGAINST DISEASE CAUSED BY E, TENELLA 

A composition for immunization of chickens against coc- 
cidiosis caused by E. tenella may be prepared from the intact 
A4 antigen identified by monoclonal antibody Ptn 7.2A4/4 or 
a fragment thereof- One suitable carrier for the antigen is 
5% Arlacel A, 94% Drakeol 6-VR, 1% Tween-80. The vaccine may 
be prepared by formulating one part of an aqueous solution 
of the antigen with 3 parts Arlacel A/Drakeol 6-VR to a final 
concentration of 10 ug antigen/dose. The vaccine may be 
administered to chickens of any age by the intramuscular 
route. Properly vaccinated birds would be protected against 
disease, depressed performance or death caused by field 
challenge with E. tenella , 

20 



25 



30 



10 



35 
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EXAMPLE 12 

FORMULATION AND USE OF ANTIGEN FOR PROTECTION 
OF CHICKENS AGAINST DISEASE CAUSED BY E. NECATRIX 

One composition may include that described in Example 10. 
The vaccine may be administered to chickens of any age by the 
intramuscular route. Properly vaccinated birds would be 
iq protected against disease, depressed performance or death 
caused by field challenge with E. necatrix. 



15 
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WHAT IS CLAIMED IS: 

1. A purified antigenic protein capable of inducing in a 
chicken an immune response conferring protection against 
infection by Eimeria tenella or Eimeria necatrix , the R?o- 
tein having a molecular weight of about 25,000 and being 
composed of two polypeptides joined by a disulfide bond, one 
of the polypeptides being characterized by a molecular 
weight of about 17 , 000 and by a blocked N-terminal amino acid 
and having the amino acid sequence set forth in Figure (3) 
and the other of the polypeptides being characterized by a 
molecular weight of about 8,000 afid having the amino acid 
sequence set forth in Figure (3). 

2. An antigenic polypeptide having an amino acid se- 
quence included within the amino acid sequence of the 
protein of claim 1 and capable of inducing in a chicken an 
immune response conferring protection against infection by 
Eimeria tenella or Eimeria necatrix. 

3. An antigenic polypeptide having an amino acid se- 
quence included within the amino acid sequence of the 
polypeptide of claim 1 and characterized by a molecular 
weight of about 11,5Q0. 

4. An antigenic polypeptide' having an amino acid se- 
quence included within the amino acid sequence of the 
polypeptide of claim 1 and characterized by a molecular 
weight of about 6, SCO. 

5. An antigen capable of inducing in a chicken an immune 
response conferring protection against infection by Eimeria 
tenella or Eimeria necatrix which comprises an antigenic 
polypeptide of claim 2. 
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6. An antigen of claim 5 which further comprises an amino 
acid sequence not included within the amino acid sequence 
set forth in Figure (3). 

5 7. A method of preparing the protein of claim 1 which 
. comprises: 

' a. contacting sporocysts of Eimeria tenella with a de- 
tergent under suitable non-reducing conditions in the 
0 presence of protease inhibitors so as to solubilize 

the sporocyst membrane proteins; and 
b. separately recovering the protein from the solu- 
bilized, sporocyst membrane proteins under suitable 
non-reducing conditions. 

5 

8. A method of claim 7 , wherein the separately recovering 
comprises partially purifying the solubilized sporocyst 
membrane proteins by ion exchange and hydroxyapatite chro- 
matography . 

0 

9. A method of claim 7, wherein the separately recover- 
ing comprises immunoprecipi tation or immunoaf f inity chro- 
matography with monoclonal antibody Ptn 7.2 A4/4. 

5 10. A method of preparing the 17,000 dalton polypeptide of 
claim 1 which comprises: 



a. contacting sporocysts of Eimeria tenella with a de- 
tergent under suitable conditions in the presence of 

30 protease inhibitors so as to solubilize the sporocyst 

membrane proteins; and 

b. separately recovering the polypeptide from the solu- 
bilized , sporocyst membrane proteins under suitable 
reducing conditions . 

35 
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11 . A method of claim 10 , wherein the separately re- 
covering comprises partially purifying the solubilized 
sporocyst membrane proteins by chromatography on DEAE- 
cellulose followed by preparative SDS-electrophoresis under 
suitable reducing conditions* 

12. A method of preparing the polypeptide of claim 3 which 
comprises : 

a. contacting sporocysts of Eimeria tenella with phenol 
in the presence of 8-hydroxyquinoline. so as to extract 
the sporozoite membrane proteins from the sporocysts; 
and 

b. recovering the polypeptide from the extracted spor- 
ocyst membrane proteins by immunoprecipi tation or 
immunoaf f inity chromatography with monoclonal an- 
tibody Ptn 7.2 A4/4. 

13. A method of preparing the polypeptide of claim 4 which 
comprises : 

a. contacting trypsin-taurodeoxycholate excysted, spo- 
rozoite membrane proteins with detergent so as to 
solubilize the proteins; and 

b. recovering the polypeptide from the solubilized, ex- 
cysted sporozoite membrane proteins by immunopre- 
cipitation or immunoaf f inity chromatography with 
monoclonal antibody Ptn 7.2 A4/4 . 

14. A method of preparing the protein of claim 1 which 
comprises preparing a DNA molecule coding for the protein, 
inserting the DNA molecule into an appropriate expression 
vector, introducing the resulting expression vector into a 
suitable host under appropriate conditions permitting ex- 
pression of the DNA and production of the protein and 
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recovering the protein so produced. 

15. A method of preparing the polypeptide of claim 2 which 
comprises preparing a DNA molecule coding for the poly- 
peptide, inserting the DNA molecule into an appropriate 
expression vector, introducing the resulting expression 
vector into a suitable host under appropriate conditions 
permitting expression of the DNA and production of the 
polypeptide and recovering the polypeptide so produced. 

16. A method of preparing the 17,000 dalton polypeptide of 
claim 1 which comprises preparing a DNA molecule coding for 
the polypeptide, inserting the DNA molecule into an appro- 
priate expression vector, introducing the resulting expres- 
sion vector into a suitable host under appropriate con- 
ditions permitting expression of the DNA and production of 
the polypeptide and recovering the polypeptide so produced. 

17. A method of conferring upon a chicken active immunity 
against infection by Eimeria tenella which comprises admin- 
istering to a chicken an effective immunizing amount of the 
protein of claim 1. 

18. A method of conferring upon a chicken active immunity 
against infection by Eimeria necatrix which comprises ad- 
ministering to a chicken an effective immunizing amount of 
the protein of claim 1. 

19. A method of conferring upon a chicken active immunity 
against infection by Eimeria tenella or Eimeria necatrix 
which comprises administering to a chicken an effective 
immunizing amount of the polypeptide of claim 2. 

20. A method of conferring upon a chicken active immunity 
against infection by Eimeria tenella or Eimeria necatrix 
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which comprises administering to a chicken an effective 
immunizing amount of the polypeptide of claim 5. 

21. A method of claim 17, wherein the effective immunizing 
amount is an amount from about 0.1 ^g to about 1.0 mg. 

22. A method of claim 18 , wherein the effective immunizing 
amount is an amount from about 0.1 pg to about 1.0 mg. 

23. A vaccine for conferring upon a chicken active im- 
munity against infection by Eimeria tenella which comprises 
per dose an effective immunizing amount of the protein of 
claim 1 and suitable carrier. 

24. A vaccine for conferring upon a chicken active im- 
munity against infection by Eimeria necatrix which com- 
prises per dose an effective immunizing amount of the 
protein of claim 1 and a suitable carrier. 

25. A vaccine for conferring upon a chicken active im- 
munity against infection by Eimeria tenella or Eimeria 
necatrix which comprises an effective immunizing amount of 
the polypeptide of claim 2 and a suitable carrier. 

26. A vaccine for conferring upon a chicken active im- 
munity against infection by Eimeria tenella or Eimeria 
necatrix which comprises an effective immunizing amount of 
the polypeptide of claim 5 and a suitable carrier. 

27. A vaccine of claim 23 , wherein the effective im- 
munizing amount is above about 0.1 pg/kg of body weight of 
the chicken. 



35 



28. A vaccine of claim 24, wherein the effective im- 
munizing amount is above about 0.1 uS/kg of body weight of 
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the chicken* 

29. A method of protecting a chicken against infection by 
Eimeria tenella which comprises administering to the chic- 
ken a suitable dose of the vaccine of claim 23. 

30. A method of protecting a chicken against infection by 
Eimeria necatrix which comprises administering to the chic- 
ken a suitable dose of the vaccine of claim 24. 

31. A monoclonal antibody directed against the protein of 
claim 1. 

32. A monoclonal antibody directed against the polypep- 
tide of claim 2. 

33. The monoclonal antibody Ptn 7.2A4/4 produced by hy- 
bridoma cell line ATCC No. HB8561. 

34. A method of conferring upon a chicken passive immunity 
against infection by Eimeria tenella or Eimeria necatrix 
wfiich comprises administering to the chicken an effective 
protecting amount of the antibody of claim 31 r 32 or 33. 

35. A composition for conferring upon a chicken passive 
immunity against infection by Eimeria tenella or Eimeria 
necatrix which comprises an effective protecting amount of 
the monoclonal antibody of claim 31, 32 or 33 and a suitable 
carrier • 

36. A method of conferring passive immunity against in- 
fection by Eimeria tenella or Eimeria necatrix which com- 
prises administering to a chicken a suitable dose of the 
composition of claim 35. 
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37. An anti-idiotypic antibody directed against the mono- 
clonal antibody of claim 33. 

38. A method of preparing the anti-idiotypic antibody of 
claim 37 which comprises: 



10 



15 



20 



a. recovering the monoclonal antibody Ptn 7.2A4/4 from 
hybridoma cell line ATCC No. HB8561; 

b. purifying the monoclonal antibody; 

c. injecting the purified monoclonal antibody into a 
suitable animal together with a suitable adjuvant? 

d. removing blood serum from the injected animal; and 

e. recovering the anti-idiotypic antibody from the blood 
serum. 

39. A method of conferring upon a chicken active immunity 
against infection by Eimeria tenella or Eimeria necatrix 
which comprises administering to a chicken an effective 
immunizing amount of the anti-idiotypic antibody of claim 
37. 



40. A vaccine for conferring upon a chicken active im- 
munity against infection by Eimeria tenella or Eimeria 
necatrix which comprises an effective immunizing amount of 
the anti-idiotypic antibody of claim 37 and a suitable 
carrier. 



41. A method of protecting a chicken against infection by 
Eimeria tenella or Eimeria necatrix which comprises admin- 
istering to a chicken a suitable dose of the vaccine of claim 
40. 
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42. A nucleic acid molecule encoding the protein of claim 
1. 
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43. A DNA molecule of claim 4 2 having the nucleic acid 
sequence set forth in Figure (3). 

44. A cDNA molecule of claim 42. 

45. A DNA molecule encoding the polypeptide of any of 
claims 2, 3, 4, 5 or 6. 

46. A cloning vehicle which comprises the nucleic acid of 
claim 42. 

47. A host cell which comprises the cloning vehicle of 
claim 46. 

48. A bacterial host of claim 47. 

49. A method of producing the protein having the amino 
acid sequence set forth in Figure (3) which comprises 
growing host cells of claim 47 under suitable conditions 
permitting production of the protein and recovering the 
protein so produced. 

50. A protein of claim 1 having esentially the same 
sequence but differing because of expression in a bacterial 
host. 

51. A method for obtaining the DNA of claim 43 which com- 
prises isolating total genomic DNA from Eimeria tenella 
oocysts; preparing DNA fragments from the genomic DNA so 
isolated; ligating the fragments so prepared into an ap- 
propriate cloning vector; subjecting the DNA of the clones 
so prepared to hybridization with oligonucleotides con- 
taining, or complementary to, nucleic acid sequences pre- 
sent within the nucleic acid sequence set forth in Figure (3) 
to identify appropriate clones; and isolating from the 
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appropriate clones DNA which encodes the protein and has the 
nucleic acid sequence set forth in Figure (3). 
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Plgure 1: Amino Acid Sequence of the 17,000 Dalton Polypeptide Component 
of the A4 Antigen 

[gln]aap tyr pro thr ala val thr leu aap( cya) lya( glu) ala 

' ° H ' ?V7 

aet aan lye leu arg lya ala ala^gly leu pro ala phe glu asp ala val gly 
aap thr phe yal leu pro ala tyr( ser^hie)glu glu ser arg ala ala pro val 

ala glu thr leu trp lya thr glu lie cya pro lya val leu gly gly gly arg 

R2. --™--„„„„ 

ser arg aan val thr glu ala val lya leu thr gly aan phe ala tyr tyr pro 

IIIII~viIll~Z~~IIl| j Z~ZZ --V1 zzllzzzzzz 

— R2 — | 

Ti~™:~~ii:~~z~ — ~i5T~i~~~~~"~ 



val thr aap gly lya lya glu cya aer aap ala val glu tyr trp lya gly gly 

V5 ^ | CH2 

leu s*r gin phe aan aap thr lie pro pro thr phe gin ala leu aan aap pro 
CH2 > 

R4 y™^" 



val val tyr aan aap arg ala val aer phe val ala leu^tyr aan pro lya thr 

aer pro val val aer(cya)val leu leu gln(cya)pro aan ala gly val gly gly 
CHI 1 

> indicates peptide sequence may continue, hut too weak to follow 
1 indicates peptide C-terminus 

( ) probable amino acida confirmed by DNA sequence 
1 indicates secondary sequence 

CK: cyanogen bromide fragment: CH; chymotrypsin fragment; R: Arg-C 
fragment; V: V8 fragment; PAP: pyroglutaaate aminopept idaae treated 
17,000 dalton polypeptide. 
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AGATCTATCAAGCAATAATCATCTA 
CCxCCAAATATATGC7AT0AAATGC7AAA7T8CGT0AGA0TGATTCGTCACAGCAACGTC 
TCATGCAGAGTGCCCGAGAACTGA5GGGAGAAACAOTGGAGTGACCGCGGOTCGCTGGTA 
TTTTCTTGCTTTCATTOGCAAACGTGGCATTTTCAAGTGCCATTTTTCTTGTAATCACAT 
TAGTTTGCCAGTAAATGAGGGGAATATTCTGOTGTAAGCTOTTCTTCTGGCAGTTTCACO 
AGAGTCACACCGTCACCTGGOAGGTAACCTGGAAAGGGGCGGTGGCAGGAATGOCGCAAG 
GCATGGAACAATGAAAGCTGAOAOCAGCGTCAAA3GOATGAATTTTCAATTTCACGTTTO 
CCCTTAAATCCATTCAAOTGGGCCGAGACCGCTCTCGGAAGTOCAGTCTCGTTTGCGATT 
GCATTHCCTGCACACACCTATGACGACGTACGGTGTTGGGCAGAACCTGAACATAGCGTT 
TACGTCTAHAGCCGCAGCCCAAAGAAACTCTGCATACTTTTGCCAAOATATTTCAAATAA 
AACCTCTTTGCCGAATTGTATTTTCACCCTCTATCTACTATf TCCTGCCCACTATGAGAG 
GCAGCAAGC7GTAGCGTGCCTTCCAATGGCCAGCACCAGCGCGCCAG7TAGGGCAGCAGC 
TGTCAACCTCGCTOTCATCTGTCAACAGGCCGCCAGAACTCTtCCCATATCTGTCAAAAC 
AIATTTATCTGCTCACTTTACAGTTTCTGTACAOTCACTTTTGCATATtATACAATTACT 

MetAlaArgLauSerPhaYalSerLeuLeuSerLeuSer 
GTACAGTCATATTTGCTCAAAATGGCTCGTCTTTCTTTTGTTTCTCTTCTTTCTCTGTCA 

* 

LeuLeuPheGlyGlnGlnAlaValArfiAlaGlnAapTyrProThrAlaV< 

CTGCTCTTCGGGCAGCAAGCAGTCAGAGCTCAGGATTACCCAACAGCAGGTGGGCTTTTC 

1 ntron a—————————————— 

CGCTAGCTGTTTTTGGTCCGATAGCATCGGAGCATCTCCCAAAACGAGGTGCATTCACC 

— * >alThrLeuAapCyaLyaGluAlaMetAan 

TTTTGCATGTTGTGTGCGGAAATTTTATCAGTTACGCTGGACTGTAAAGAAGCGATGAAC 

LyeLeuArgLyaAlaAlaGlyLeuProAlaPheGluAapAlaValGlyAapThrPheVal 
AAGCTGAGAAAAGCAGCAGGACTTCCTGCATTCGAAGATGCTGTGGGAGACACATTTGTT 

LeuProAlaTyrSerHlaGluGluSarArgAlaAlaProValAlaGluThrLeuTrpLya 
CIACCAGCATACTCGCATGAAGAGTCTAGGGCGGCACCAGTAGCTGAAACTCTCTGGAAG 

ThrGluIlaCyaProLyaValLeuGly< 

ACGGAGATATGCCCCAAAGTCTTAGGAGTAAGCCGTCCACGGCCTTGCATCGTCATGATG 







A 


G: 
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Figure 3b 



Intron B- 



TAOtAOOTOTtCtaAOCAOCTTCCTTCTOTOOAACAAOGAACTACACTOTCCTTGAATTT 

->GlyGXyAr«S«rAr«A«nY%XThrGXttAXaY*XLy«L«u 

lTAATCTtT?aTTACGtACAGOOCOGAAGOTCCAGGAACGT*ACTGAAGCTGTCAAGT?A 

Thr01rA«n?1i«Al*typtyrProV*lThrA«p01yLy«Ly»GluCy«3«rA«pAl»VftX 
ACTGGCAATfTTGCCTACTACCCCGTCACAGACGGCAAAAAAGAGTGCAGCGATGCTGTG 

GluTyrTr ply «GXyOXy LmuSm rGl a PhvAanAtpTh r IX* ProPr othr PhtGX nAXa 
GAGTACTOGAAAGOCGGACTTTCTCAGTTCAACGACACAATTCCCCCAACGTTCCAAGCG 

L#uA«nAipProValYalTyrA«nAipAr«Ai*ValS«rPh#TalAl*l«tttyrA«nPro 

KGAACOACCCCGTTGTGTACAATOACAGOOCTOTTTCCTTTOTCGCCCTATACAACCCC 

Ly«fhrS«pProV*17»13«rCy«ValL«ul«uGlnCy«ProA«nAl*Gly?alGly01y 
AAAACCAGCCCCOtTOTCAOTtGCGTOCTCCTCCAGIGGCCTAATGCAGGtGTTOGtGGA 

ArfiArgL«uAlaAl&01ythrThPAepAia7aXIl«Cytl«ti?BPAiOPfoAlmProL«tt 
CGCAGGCTTGCGOCAGGCACOACAGACGCTGTCATttGCttOACAAAtCCGGCTCCTTtG 

GluAl*Ar«a«r01nProPh«Aa<— 

GAAOCAAMtCACAACCAtTCGAGTGAGAGTCAGCTGGTCGCCACTOCAACAtGCATCAA 
TGCGGCAGGTTACACTGGGGGTC7TGAGGTTGGTTGAAGCGCAATCTtCTAATACTT0tT 



— — >pA»pOXuGXn?rply»Ly«IX«VaXA»pS«rL« 

TOTAATGTTtGTAATGTTTaCOTGCAGCGACOAOCAATOGAAGAAAATTGTTOACTCTCT 

ufl«pl«u3«rGluGXuGXuaiu01uLy«GlyGlyV*13«rProVal7alPro3«rYAlAX 
ATCTCTCTCTGAG0AAGAGGAA0A0AAGGGCGGAGTTTCTCCAGTCGTCCCT7CAGTAGC 

&l«uIX«3«rAXaAXaV*XXX«3«rAX*Ph«AX«I,«uPh« 

CCTCATCf CTGCGOCGGICAtCtCCGCtTTCGCTCTCTTtTAGGCGGGCGCCGGTTGfTA 
GTGACACACCAGCATTGGACAOATATOGCGGCGCAAGTTCCTTCCTGAGTGAAATCCTTG 
AGTGACAAACOAaCACCTCtCCTGOACGAAATGTGATGAATtAAGACAGCTTTGGTTGTT 
TGAAGTGtAtGCAAAAGCTACATTTGTAGGGCCCTTTTATAGGATAATCGGAGGAAGCGC 
AATMTATTtAAAACCCTTGCAGAGAGTCGCCACGTGCGAGTGCAAGTGTTGCGCAGtGT 
GTGCTGCCAAATOAAATTCTCCATCTTTAGTGTACTCAAGCCAGAAGTTTCGGCGTtGAT 
GTACCCGCCGOTGGTATCTGCCATGCCATGCCTOCCTGTTTGGGCAGTACAACCtCAtAC 
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Pigure 3 c 



CAAGTGGCTTGTGTCATGGCATGTGTGGCCAAGCTACTTTTAGAGGGACAACAATGGGGA 
TATTTTOAAOTATTTCGGATAAATACTCATCTGCTGTCCCTACCCACTGAGGCGCCATGG 
TGttACCTTCCTCATTTGAAGGGGAAAACTTGGTTOATAATTTCTTOTCCTTCAACTTGT 
CTTOATAAATCGAAGATTATAtTGTAGATAGTATACGTGGTGAACAGTTTTTAGGGAAGA 
CTOTAAACCACAAGTTAAACOTAGTCGCAATTC 



Legend 

* Initial &aino acid of 17,000 dalton peptide 
•* Pinal amino acid of 17*000 dalton peptide 

«■ Initial aalno acid of 8,000 dalton peptide 
++ Final amino acid of 8,000 dalton peptide 

Key to ambiguous baaes 

3 » Probably C 
5 » Probably A 

7 » Maybe C 

8 * Maybe T 
0 * Maybe G 
Y » C or ? 
M a C or G 



